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CELL ADHESION TNHT^ttorc; 



TECHNICAL FIELD of THF T K nrTKT TT n N 

The present invention relates to novel 
compounds that are useful for inhibition and prevention 
of cell adhesion and cell adhesion-mediated pathologies. 
This invention also relates to pharmaceutical 
formulations comprising these compounds and methods of 
using them for inhibition and prevention of cell adhesion 
and ceil adhesion-mediated pathologies. The compounds 
and pharmaceutical compositions of this invention can be 
used as therapeutic or prophylactic agents. They are 
particularly well-suited for treatment of many 
inflammatory and autoimmune diseases. 

Ceii adhesion is a process by which cells 
associate with each ether, migrate towards a specific 
target or localize within the extra-cellular matrix. As 
such, cell adhesion constitutes one of the fundamental 
mechanisms underlying numerous biological phenomena. For 
exampLe, ceil adhesion is responsible for the adhesion of 
hematopoietic ceils to endothelial cells and the 
subsequent migration of those hemopoietic cells out of 
blood vessels and to the site of injury. As such, cell 
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adhesion plays a role in pathologies such as inflammation 
and immune reactions in mammals. 

Investigations into the molecular basis for 
cell adhesion have revealed that various cell-surface 
macromolecules - collectively known as cell adhesion 
molecules or receptors — mediate cell-cell and cell- 
matrix interactions. For example, proteins of the" 
superfamiiy called » integr ins - are key mediators in 
adhesive interactions between hematopoietic cells and 
their microenvironment (M.E. Hemier, "VLA Proteins -n --e 
Integrin Family: Structures, Functions, and Their Re'e'c- 
Leukocytes.", A-- , p.,. t^,,^- # 6> p> 365 (199Qj)> 

Integrms are ncr.-covaient hetercdimenc complexes 
consisting of two subunits called a and fi . There are a-, 
least 12 different q subunits (oi-a6, a-L, q-m, q-x, a-" 



-i3, q-V and q-E • and at least 9 c. 



'ent .1 ;f}2-£9 



subunits. Based on the type c: ::s c and S subur.it 



ccmprne.-.ts, each mtesr 



:6*eacr: ir. 



utf a.-.i 



j. v. 



on.-:, i.-.tegri.-., ais: knew.-, a.? very late antic-:- 
"'VLA-4". cr is a leukocyte cell surface- 

receptcr that participates in a wide variety of botr. 
cell-ceil and cell-matrix adhesive interactions (M.E. 
Hemier ' fiT.n. Pry, ^n-- , 8, p. 263 (1990)). serves 
as a receptcr for the cytokine- inducible endothelial cell 
surface protein, vascular cel. adhesion molecule-1 
("VCAM-1"), as well as to the extracellular matrix 
protein fibronectm ("FN"; (Ruegg et al., J. c P !i r^.-. 
177, p . i7 9 (1991); Wayner et al., j. on Ri ai 105 , I 
1873 (1987,; Kramer et ai . , J, BxoX ■ fh^ , 264, p. 4684 
(1989); Gehlsen et ai . Sc:enr~, 24, p. 1228 (1988)). 
Anti-VLA4 monoclqnal antibodies ("mAb's") have been shown 
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to inhibit VLA4-dependent adhesive interactions both in 
v itro and in Yjvp (Ferguson et al. Proc. Natl, a^ h, 

88, p. 8072 (1991); Ferguson et al . , J. Imnnno) , 
150, p. 1172 (1993)). Results of in vivo experiments 
suggest that this inhibition of VLA- 4 -dependent cell 
adhesion may prevent or inhibit several inflammatory and 
autoimmune pathologies (R. L. Lobb et al., "The 
Pathophysiologic Role of a4 Integrins In Vivo", j. c 1 in , 
Invest ■ , 94, pp. 1722-28 (1994)). 

In order to identify the minimum active amine 
acid sequence necessary to bind VLA- 4, Komoriya et al . 
("The Minimal Essential Sequence for a Major Cell Type- 
Specific Adhesion Site (CS1) Within the Alternatively 
Spliced Type III Connecting Segment Domain cf Fibronect: 
15 Is Leucine-Aspartic Acid-Vaime" , J . Bio ■ . r hpT 2 66 

(23:, pp. 15C75-79 (1991;) synthesized a variety cf 
overlapping peptides based cn the ammo acid secuer.ee z : 
the CS-1 region (the VLA- 4 tmcmc ctrr.am; of a 
particular species cf f ifc r zr.ee 1 1 r. . T-ev : jer:::f a- - 
*~ ammo acid peptide, Gl u- I ie- leu-A.sn- Va 1 -?r c-Ser r.r r l 

^ T ~ : -j/ as well as cw: smaller z ver iapeme 
per.tapept ides , Giu-I ie-Leu-Asp-Yal ;S£C I L NC : 1' ar.u 
Leu-Asp-Val-rro-Ser !SEQ ID NO: 2i, that possessec 
inhibitory activity against FN-depender. t ceil adhesion . 
These results suggested the tripeptide Leu-Asp-Val as r, 
minimum sequence for celi-adhesion activity. It was 
later shown that Leu-Asp-Val binds only to lymphocytes 
that express an activated form of VLA- 4 , thus br ir.gir. z 
into question the utility cf such a peptide in vivo ; z . A 
30 Wayner et al-, "Activation-Dependent Recognition by 

Hematopoietic Cells of the LDV Sequence in the V Region 
of Fibronectin", J. Cell . ^ol . . 116(2), pp. 489-497 



25 
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(1992,). However, certain larger peptides containing the 
LDV sequence were ( subsequently shown to be active m vivo. 
(T. A. Ferguson et al., "Two Integrin Binding Peptides 
Abrogate T-cell-Mediated Immune Responses In Vivo" Pror. 
5 Nat l. Ara- sr. 88 , pp> 8072 . 76 (iggi); and ; ' m 

Wahl et al., "Synthetic Fibronectin Peptides Suooress 
Arthritis in Rats by Interrupting Leukocyte Adhesion a- 
Recruitment", J, C]j ., Trv ^ r , 94# pp _ 655 _ g2 ( - 994)j _ 

10 A cyclic Pentapeptide, Arg-Cys-Asp-TPro-Cys ' 

(wherein TPrc denotes 4- thioprol me) , which ca^ 
both VLA-4 and VLA-5 adhesion to FN has also been 
describee (O.K. Nowhn et a: . „ A Novel Cyciic 

Pentapeptide Inhibits a4fll and a-1 Integrm-med, a^e- 
IS Ceil Adhesion", J. ^ , 268(2 . J# pp . 2033.;.; 

(1993); ar.d PCT publication PCT/US9I /04 362 ! . Thi* 
peptide was based on the tnpeptice sequence Arg-Glv-;.- 
from FN icr. had been known as a ccnrr.cn mctif : '-^ s 
recognition site for several ex t r ace 1 ; u i a r -r.l t r ■ >• 
2 C crcteir.s 

SeS?:te thess advances, there rema.r.s a n-, 
fc-r small, specific :rV' w ' -r-c; - - . 

adhesicr.. Ideailv, suc u Q 1 

peptidic cr non-pept idic sc that they may be era"--.- 

25 administered. Such compounds would provide useful^-- 

for .treatment, prevention or suppression cf various""" """ 
pathologies mediated by cell adhesion and VLA-4 bind:- 
Co-pending United States patent application 08/376,372*' 
describes 0-amino acic containing linear peptidyl 

30 compounds with cell adhesion inhibitory activity. 

International patent applications wo 94/15958 and wo 
92/00995 describe cyclic peptide and peptidomimetic 
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compounds with cell adhesion modulating activity. 
International patent applications WO 93/08823 and WO 
92/08464 describe guanidinyl-, urea- and thiourea- 
containing cell adhesion modulating compounds. United 
States Patent 5,260,277 describes guanidinyl cell 
adhesion modulation compounds. 

SUMMAPY THf TMVFMT7QM 

The present invention solves this problem by 
providing novel semi-peptidic compounds that inhibit the 
binding of ligands to VLA-4. These compounds are useful 
for inhibition, prevention and suppression of VLA-4- 
mediated cell adhesion and pathologies associated with 
that adhesion, such as inflammation and immune reactions 
The compounds of this invention may be used alone cr ir. 
combination with other therapeutic cr prophylactic agent 
tc inhibit, prevent or suppress cell adhesion. This 
invention else provides pharmaceutical formulations 
containing these VLA- 4 -media ted cel. adhesion ir.hicittrs 
and methods of using the compounds and compositions c: 
the invention for inhibition of cell adhesion. 

According to one embodiment of this invention, 
these novel compounds, compositions and methods are 
advantageously used to treat inflammatory and immune 
diseases. The present invention also provides methods 
for preparing the compounds of this invention and -, 
intermediates useful in those methods. 

DETAILED PFSPR t pt iqn pr THF" INVENTION 

The following abbreviations are used in the 
description: 
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Pesiqnfif ion 

Ac 

Bn 

Boc 

Bu 

Cbz 

Cy 

CyM 

DIPEA 

EDC 

HOBT 

i-amyl 

i-Pn 

1- Pr 
Me 

2- MPUBA 
2-MPUPA 

NMP 
NMM 
Ph 

PUPA 
S-j 

-73 Tl' 



TKAM 



Reaaenr or r rPm ^ nr 

acetyl 
benzyl 

tert-butoxycarbonyl 
butyl 

carbobenzyloxy 
cyclohexyl 

cyclohexylmechyl 

dizsopropylethylamine 

1- ( 3 -diethyl aminopropyl ) -3- 

ethylcarbodiimide 

1-hydroxybenzotriazole hydrate 
isoamyl 

isopent yl 
isopropyi 
methyl 

4- ik' - (2-methylphenvl) urea) - 
phenyimethylammo 
4 - (N' - J 2 -methyl phenyl ) urea ) - 
phenyiacetyl 

N-methyipyrroiidinone 
N - rn e t h y 1 m c r p h o i i n e 
phenyl 

4 - f N ' - phenyl urea ; oner, v 1 a *■ •■ ■ 
-# j, - ~ - e c r a rr e " r. v 1 u " — ■ ■ — 
tr i f iucroace: :c a:ic 



40- 



As used herein, the :er.n "alky!", a ior,» c - 
combination, refers zc a scraiahr-chair. or brar.ched^cha ; r 

alkyi radical concai-.-n- f— r- ■ - * ■ ■ 

n - - -o preferaoiv frorr. ' 

to 6 and more preferably from 1 to 4 , carbon atoms. 
Examples of such radicals include, out are not limited 
to, methyl, ethyl, n-propyl, isopropyi, n-butyi, 
isobutyl, sec-butyl, tert-butyl, pentyl, iso-amyi, hexV 
aecyl and the like. 
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The term "alkenyl", alone or in combination, 
refers to a straight-chain or branched-chain alkenyl 
radical containing from 2 to 10, preferably from 2 to 6 
and more preferably from 2 to 4, carbon atoms. Examples 
of such radicals include, but are not limited to, 
ethenyl, E- and Z-propenyl, isopropenyl, E- and 2- 
butenyl, E- and 2-isobutenyl , E- and Z-pentenyl, decenyl 
and the like. 

The term "alkynyl", alone or in combination, 
refers to a straight-chain or branched-chain alkynyl 
radical containing from 2 to 10, preferably fromVtc i 
and more preferably from 2 to 4, careen atoms. Example? 
of such radicals include, but are net li-itec tc, etrv- ' 
(acetylenyl; , prcpynyi, propargyl, butynyl, hexynyl, 
decynyl and the like. 

The term " cycioal ky 1 " , alone cr ir. ccmbir.at : c:.. 
refers to a cyclic alky! radical ccr.tair.ing from 3-::/ 

preferably fror ar.z -ore preferatlv fre'rr !<-£, 

c.-rT-.s a.-.c may re c= 1 1 c r.a 1 1 y a r y. - f use c . Exar.r. les :. f rj- 

racica.s induce, cut are r.:: tec -. ;. , c.- '~c 

cyc.ccutyl. cyc.epe.-.tyl , cyclc.-.exyl a no tr.e like. 

The term " cycical ker.yl " , alor.e cr ir. 
combination, refers tc a cyclic caroocycle ccr.tair.ir.- 
from 4 to 6, preferably 5 cr £, career, atoms ar.e cr.e t: 
25 more double bonds. Examples cf such cycloalkenyi 

radicals inciuae, but are not limited tc, cycicpenre.-.-.. 
cyclohexenyi, cyciopentadienyl and the like. 

The term "aryl" refers to a carbocyclic 
aromatic group selected from the group consisting cf 
phenyl, naphthyi, inaenyl, indanyl, azuienyl, fluorer.vl, 
and anthracenyl; or a heterocyclic aromatic group 
selected from the group consisting of furyl, thienyi, 
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pyridyl, pyrrolyl, oxazclyly, thiazolyl, imidazolyl, 
pyrazolyl, 2-pyrazolinyl , pyrazolidinyl , isoxazolyl, 
isothiazolyl, 1, 2, 3-oxadiazolyl, 1 , 2, 3-triazolyl , 1.2,4- 
thiadiazolyl, pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5- 
triazinyl, 1 , 3, 5- trithianyi , indoiizinyl, indolyl, 
isoindolyl, 3H-indolyl, indclmyi, benzo [b] f uranyl , 2,3- 
dihydrobenzofuranyl, benzo ( b j thiophenyi , lK-indazolyl , 
benzimidazolyl, benzthiazolyi , purinyi, 4H-quinolizinyi, 
quinolinyl, isoquinci ir.yl , cir.nclinyi, phthalazmyl , 
quinazolinyl, quinoxal inyi , 1 , 8-naphchyridinyl , 
pteridmyi, carbazolyi, acndmyi, chenazinyl, 
phencthiazinyl, phenoxazmyl , pyrazclo [ 1 , 5-c] triazinyl 
and the like. 

"Aryl", "cycloalky!" and "cycioai kenyl " creuos, 
as defined m this application may independently contain, 
up :c tr.ree substituer.ts whirr, are i naepenoent 1 y selected 
fror. t.-.e group consisting cf halogen, hydroxy!, air.mc, 
nitre, trif lucrometnyl , t ri f • uorcme thcxy , alky!, a:>:er.vl, 
aiKvny., zyar.z, carbcxy, za r z za 1 kz xy , ' - c . • ~ c - • 



cicxvr.str.vlene. " . 



--..-ene, - , . - o: cxyetr. y 1 en= , a!,:cxy, aikencxy :.- 
alkyr.cxy, Ar 1 -substituted ai>:cxy. Ar *- sues t i tu tec 
alkencxy cr aikynoxy, a! kyiarr.mo, ai kenylammo cr 
aikyr.y.a-ir.c, Ar ' -substituted aikyiar.ino, Ar ' -substitutes 
^- alkenylammc or ai kynyiarr.ino , Ar ' -substituted 

carbonyloxy, ai ky i carbeny ioxy , aliphatic or aromatic 
acyl, Ar'-substituted acyl, Ar ' -substituted 
alkyicarbor.yloxy, Ar'-substituted carbonylaminc, Ar'- 
substituted amino, Ar'-substituted cxy, Ar'-substituted 
carbonyl, al kyicarbonylaminc , Ar'-substituted 
aikylcarbonylamino, alkoxy-carbonylamino, Ar'-substituted 
alkoxycarbonyl-amino, Ar ' -oxycarbonylamino, 
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alkylsulfonylamino, mono- or bis- (Ar • -sulfonyl ) amino, 
Ar • -substituted alkyl-sul fonylamino, 

morpholinocarbonylamino, thiomcrpholinocarbonylammo, N- 
alkyl guanidino, N-Ar ' guanidino, N-N- (Ar ', alkyl) 
guanidino, N, N- (Ar ' , Ar ' ) guanidino, N,N-dialkyl guanidino 
N,N,N-trialkyl guanidino, N-alkyl urea, N,N-dialkyi urea 
N-Ar' urea, N, N- (Ar alkyl ) urea, N,N-<Ar') 2 urea, 
aralkyloxycarbonyl -substituted alkyl, 
aralkylaminocarbonyl, thioaryloxy and the like; 
wherein "Ar • " is defined similarly to aryl, but contains 
up to three substituents selected from the group 
consisting of halogen, hydroxyl, amino, nitro, 
trif luoromethyl , trif iuoromethoxy, alkyl, alkenyl, 
alkynyl, 1 , 2-dioxymethylene , 1 , 2-dioxyethylene, alkcxy, 
aikenoxy, aikynoxy, aikylamino, alkenylamino or 
alkyr.yiamino, ai kylcarbor.yioxy, aliphatic or aromatic 
acyi, alkylcarbonylamino, alkoxycarbonylammo, 
al kyisul fcnylaminc, N-alkyi cr N,N-diaikyl urea. 

The terr. "araikyl", alone or in combination, 
refers tc an aryl substituted alkyl radical, whereir. the 
terr. "alkyl" and "aryl" are as defined above. Examples 
of suitable araikyl radicals include, but are not limine: 
to, phenyimethyl, phenethyi, phenylhexyl, diphenyimethyl , 
pyridylmethyi, tetrazoi ylmethyi , furylmethyl, imidazolyi- 
methyl, indolylmethyi , thienylpropyl and the like. 

The term "alkoxy", alone or in combination, 
refers to an alkyl ether radical, wherein the term 
"alkyl" is as defined above. Examples of suitable alkyl 
ether radicals include, but are not limited to, methoxy, 
ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, 
sec-butoxy, tert-butoxy and the like. 
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The term "alkenoxy", alone or in combination, 
refers to a radical of formula alkenyl-o-, wherein the 
term "alkenyl" is as defined above provided that the 
radical is not an enol ether. Examples of suitable 
alkenoxy radicals include, but are not limited to 
allyloxy, E- and Z-3-»ethyl-2-propenoxy and the like 

The term "alkynyloxy", alone or in combinatier 
refers to a radical of formula alkynyl-o-, wherein the 
term "alkynyl" is as defined above provided that the 
radical is not an ynol ether. Examples of suitable 
alkynoxy radicals include, but are not limited tc, 
propargyloxy, 2-butyr.yloxy and the like. 

The term "thioai koxy" refers to a thioefn e - 
radical of formula aikyl-s-, wherein alkyl is as de'"-— 
" above. 

The terrr. "al kylarr.- " - ■ o- - 

' =-o.ie cr ir. :osic:r.c::;;., 

refers tc a mono- cr ai-aikv; -suest : tuted amir.c ra-'-J" 

a ra = iCai of -c~uia a:,:y:- ? : H - or , a i k', 'l ■ " 
Whersin che term "alky!" i = £s d-:.r:er. above 
2 - cf suitable alkyiamino radicals ir.ciuae. but are 

limited to, methyiammc, ethylar.ir.e , propylamine, 
iscpropylamino, t-butyiaminc, N' , N - d 1 e t h y i ar • - - an- 
like. "" 

The term " al kenyi amine " , aione cr ir. 
'-■ combination, refers to a raaicai cf formula a 1 ker.vl - - 

or (alkenyD.N-, wherein the term "alkenyl" is as'--- -, ■ 
above, provided that the radical is not an enamme"" " Z " 
example of such alkenyiammo raaicals is the ailyla---- 
radical. 

The term "al kynylamino" , alone or in 
combination, refers to a radical of formula alkynyi-N"--- 
or (alkynyl) 2 N-, wherein the term "aikynyl" is as defmea 
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above, provided that the radical is not an ynamine. An 
example of such alkynylammo radicals is the propargyl 
amino radical. 

The term "aryloxy", alone or in combination, 
5 refers to a radical of formula aryl-o-, wherein arvi i S 

as defined above. Examples of aryloxy radicals include 
but are not limited to, phenoxy, naphthoxy, pyridyioxy 
and the like. 

The term "arylamino" , alone or in combination, 
10 refers to a radical of formula aryi-NH-, wherein aryi i, 

as defined abcve. Examples cf aryi amine radicals 
include, but are not limited to, pher.ylaip.ino iami-cc 
naphthylamino. 2-, 3- and 4-pyndyiamino and the H,:e.' 

The term "biaryl", alone or in combination, 
refers .to a radical of formula aryi-aryl-, wherein the 
term "aryi" is as defined above. 

The term " tr.icar yi " , £ : C r.e cr :r. to- ± Lr .a t i = r. . 
refers a radical- cf fcrr.ula arvi---, w.-.ereir. 

** - . . * It _ 

G " - ~ - s a 3 Lr.ez a::ve . A.r ey = — <=. - - - - - ■ 

: = tr.e tr.iop.ner.Y_ r,.::.i. 

■Tne :er- "aryi-fuseo eve i z a i k vl " , a' - - -' 
combination, refers tc a eveioaiky. radic.. wr.i--. sn.r- 
two adjacent atoms with an aryi radical, where ir. 
terms "cycioai >:yl " an: "aryi" are as defined above". 
e-xample of an aryl-fused cycloalkyl radical is the ber.t- - 
fused cyclobutyl radical. 

The term "aliphatic acyl", alone or in 
combination, refers tc radicals of formula alkyi-co-, 
alkenyl-CO- and ai kynyi -CO-der i ved from ar. alkane-, 
alkene- or alkyncarboxylic acid, wherein the terms 
"alkyl". "alkenyl" and "alkynvl" are as defined above. 
Examples of such aliphatic acyl radicals include, but are 
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not limited to, acetyl, propionyi, butyryl, valeryl, 4 
methylvaleryl, acryloyl, crotyl, propiolyl, 
methylpropiolyl and the like. 

The terms "aromatic acyl" or "aroyl", alone 
in combination, refers to a radical of formula aryl-co 
wherein the term "aryl" is as defined above. Examples 
suitable aromatic acyl radicals include, but are not 
limited to, benzoyl, 4-halobenzoyl, 4 -carboxybenzoyi , 
naphthoyl, pyridylcarbonyl and the like. 

The term "heterocycloyl", alone or in 
combinaticr., refers to radicals cf formula heterccycie- 
CO-, wherein the terir. "heterocycle" is as defined beicw 
Examples cf suitable heterocycloyi radicals include but 
are not limited tc, tetrahydrof uranyicarbonyi , 

piperidir.yicarbonyi, tetrahydrothiophenecarbonyl and t h 
like. 

The terms "morphol mocarbcnyl " and 



■icmcrp-clinocarccr:/:". alone c r m combination 



other terms, refer tc an N-carbc- 



N-carbcr.v.ated tr.iomcrphoi mo rac::ai, respect i vel v . 

Tr.e term "ai kyicarbonyi amine " , aicne cr :r. • 
combination, refers tc a radical z : fcrmuia alkyl-COKK. 
wherein tr.e term "alkyl" is as defined above. 

The term "alkoxycarbcnylamxno", alone or in 
5 combination, refers to a radical c: formula al kyi-OGONH- 

wherein the term "alkyl" is as defined above. 

The term "alkylsulf onylamino" , alone or in 
combinaticr., refers to a radical cf formula alkyl-S0,NK- 
wherein the term "alkyl" is as defined above. 

The term "arylsui f onylamino" , alone or in 
combination, refers to a radical of formula aryl-so 2 NH-, 
wherein the term, "aryl" is as defined above. 
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The term "N-alkylurea" , alone or in 
combination, refers to a radical of formula alkyl-NH-CO 
NH-, wherein the term "alkyl" is as defined above. 

The term "N-arylurea", alone or in combmatior 
refers to a radical of formula aryl -NK-CO-NH- , wherein 
the term "aryl" is as defined above. 

The term "halogen" means fluorine, chlorine, 
bromine and iodine. 

The terms "heterocycle" and "heterocyclic 
ring", alone or in combination, refer to a non-aromatic 
3- to 10-membered ring containing at least one er.docycii 
N, O or S atom. The heterocycle may optionally be arvl- 
fused. The heterocycle may also be optionally 
substituted with one to three . substituents which are 
independently selected from the group consisting of 
hydrogen, halogen, hydroxyl, amine, nitro, 
trifiuoromethyl, tri f lcoromethoxy, alkyl, aralkyi, 
alkenyl, alkynyl, aryl, cyanc, carboxy, carbcalkoxy, Ar ' 
substituted aikyi, Ar 1 - subs t : tuted alkenyl or alkyr.vl, 
1, 2-dicxymethylene, 1 , 2-dioxyethylene, alkcxy, alkencxv 
or alkynoxy, Ar ■ -substituted alkoxy, Ar* -substituted 
alkenoxy or alkynoxy, alkylamino, alkenyiammo or 
alkynylamino, Ar • -substituted alkylamino, Ar • -substitute 
alkenylamino or alkynylamino, Ar • -substituted 
carbonyloxy, alkylcarbonyloxy, aliphatic or aromatic 
acyl, Ar '-substituted acyl, Ar ' -substituted 
alkylcarbonyloxy, Ar • -substituted carbonylamino, Ar ■ - 
substituted amino, Ar ' -substituted oxy, Ar • -substituted 
carbonyl, alkylcarbonylamino, Ar • -substituted 
alkylcarbonylamino, al koxy-carbonylamino, Ar • -substitute: 
alkoxycarbonyl-amino, Ar • -oxycarbonylamino, 
alkylsulfonylamino, mono- or bis- (Ar • -sul fonyl ) amino, 
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Ar' -substituted alkyl-sulfonylamino, 

morpholinocarbonylamino, thiomorpholinocarbonylamino, N- 
alkyl guanidino, N-Ar ' guanidino, N-N- (Ar • , alkyl ) 
guanidino, N, N- (Ar ' , Ar * ) guanidino, N,N-dialkyl guanidino, 
N,N,N-trialkyl guanidino, N-aikyl urea, N,N-dialkyi urea,' 
N-Ar' urea, N, N- (Ar alkyl ) urea, N,N-(Ar') 2 urea, 
aralkoxycarbonyl-substituted alkyl, carboxyal kyl , oxc, 
arylsulfonyl and aralkylaminocarbcnyl . 

The term "leaving group" generally refers to 
groups readily displaceable by a nucieophiie. such =s ar. 
amine, and aicohoi or a thici nucieophiie. Such ; ea v;:: 
groups are well known and include carboxylates, N- 
hydroxysuccmimide, N-hydroxyber.zctnazoie, haloger. 
(haiides), triflates, cosyiates. mesylates, alkoxy, 
15 thioalkoxy and the like. 

The term "hydrophobic group" refers tc a c 

wr.icr. is resistant to uniting witr. cr abscrbir.c wa-p- 
Examples of such r.ydrcphotir croups induce, but ar? --- 
. limited tc, methyl, ethyl, crcpy, — cer.tv , 

' - pner.y 1 , benzyl, napnthvl, M-c-er.cv. ■ - •■ zia - ~ ' •• 

metr.yl thioethyi ar.o tr.e iiK.e. 

The term "acidic functional croup" refers 
group which has an acidic hycrogen within it. Ixarrc ^ 
of such groups include, but are net 1. mi tec tc, 
carbpxyiic acid, tetrazoie, imicazole, nycrcxyl. 
mercapco, hydroxyiaminocarbonyl , sulfonic acic, sulf-- 
acid, phosphoric acid and phosphonic acid. 

The terms "activated derivative of a suita'c.-. 
protected a-amino acid" and "activated substitutec- 
phenylacetic acid derivative" refer to derivatives cf 
carbcxylic acids wherein the -OH group is replaced by a 
superior leaving group. Examples of activated acid 
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derivatives include, but are not limited to, the 
corresponding acyl halides (e.g. acid fluoride, acid 
chloride and acid bromide), corresponding activated 
esters (e.g. nitrophenyl ester, the ester of 1- 
5 hydroxybenzotriazole, HOBT, or the ester of 

hydroxysuccinimide, HOSu) , and other conventional 
derivatives within the skill of the art. 

The terms "protected" or "protecting group" 
refer to a suitable chemical group which may be attached 
10 to a functional group of a molecule, then removed at a 

later stage to reveal the intact functional group and 
molecule. Examples of suitable protecting groups for 
various functional groups are described in T.W. Greer.e 
and r.G.M, Wuts, ProtP^i yg rsrnvps in Organ- c y— he? — . 
15 2d. Ed., John Wiley and Sons (1991); L . Fieser and K . 

Fieser, Fieser and Fieser' s Re^cer.-g fcr Oraa".ir 
Syr.thesi John Wiley and Sens H994); 1. Paquette, e:. 
Er.CYrl ooedi ~ r f : e3g^:g f- r : r ~ - - - s vr.th«g : * . Jchr. 
W: ley and Sens , 1 ? 9 5 : . 
2C The compounds cf tr.;s mventicn :or:a.r. :; ; e :: 

mere cs^.e::;: carbon atcr.5 and tnus occur as racer.^te.- 
anc racemic mixtures, single er.ar.t icmers , dias terecmer : r 
mixtures and individual dias t erecmers . All sucn isomer: 
forms cf these compounds are expressly included in the 
25 -present invention. Each stereogenic carbon may be cf ::. 
R or S configuration . Although the specific compounds 
exemplified in this application may be depicted in a 
particular stereochemical configuration, compounds havm 
either the opposite stereochemistry at any given chiral 
center or mixtures thereof are envisioned as part o: 
invention. Although amino acids and amino acid side 
chains may be depicted in a particular configuration, 
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both natural and unnatural forms are envisioned as par 
of the invention. 

In view of the above definitions, other 
chemical terms used throughout this application can be 
easily understood by those of skill in the art. Terms 
may be used alone or in any combination thereof. The 
preferred and more preferred chain lengths of the 
radicals apply to all such combinations. 

This invention provides compounds which are 
capable cf inhibiting VLA- 4 -media ted cell adhesion bv 
inhibiting the binding of iigands to that receptor. 
These cc-pounds are represented by forrr.ula (I): 



Z-(Y i )-(Y J )-(Y') n - X (I) 

and phar-aceuticaily acceptable Derivatives tr.erecf; 
whe-r sir. : 

Z is selected fror: tr.e grtup consist i.-.n 
e:ky_; £.:p.-.a::c acyi cpticr.aliy substituted with 
aikyl- :r N-aryl amide; aroyl; r.eterccycloyl ; alkvl- :: 
arylsulrtr.yl; aral ky lea rbcr.yl opt— ally substituted w 
aryi; heterocycioaikyicarbcnyl ; al Koxycarbonyl ; 
aralKvicxycarbonyi; cycioal kyl carbcr.y 1 optionally fuse- 
with aryl; heterocycioal koxycarbonyl ; alkylair.inocarccr.- 
aryiamir.c carbonyl and aralkylaminocarbonyl optionally 
substituted with bis ( alkylsulfonyl ) amino, 
aikoxycarbonylamino or alxenyl; alkylsulfonyl; 
araikyisulfonyl; arylsul f onyl ; cycioalkylsulf onyl 
optionally fused with aryl; heterocyclylsul f onyl ; 
heterocyclylalkylsulfonyl; aral koxycarbonyl ; 
aryicxycarbonyl ; cycioal kyloxycarbonyl ; 
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heterocyclyloxycarbonyl; heterocyclylalkoxycarbonyl ; 
mono- or di-alkylaminocarbonyl optionally substituted 
with aryl; (alkyl ) (aralkyl) aminocarbonyl ; mono- or di- 
aralkylaminocarbonyl; mono- or di-arylaminocarbonyl; 
(aryl) (alkyl) aminocarbonyl; mono- or di- 
cycloalkylaminocarbonyl; heterocyclylaminocarbonyl ; 
heterocyclylal kylaminocarbonyl ; 
(alkyl) (heterocyclyl) aminocarbonyl; 
(alkyl) (heterocyclylalkyl) aminocarbonyl; 
(aralkyl) (heterocyclyl ) aminocarbonyl ; 
(aralkyl) (heterocycl ylal kyl ) aminocarbonyl ; aikenoyl 
optionally substituted with aryl; al kenylsul f onyl 
optionally substituted with aryl; alkynoyl optionally 
substituted with aryl; al kynyl sul f onyl optionally 
substituted with aryl; cycloal ker.ylcarbonyl ; 
cycioalker.ylsulfonyl; cycioai kylal kanoyl ; 
cycloalJcylalkylsuIfonyl; aryiaroyi, biaryisul f onyl ; 
aikoxysulfonyl; aral koxysui f onyl ; al kylammosul f ony' ; 
arylcxysuifonyi; arylar.mosul f or.yl ; N-arylurea- 
■substituced alkanoyl; N-arylurea-subscituted 
alkyisulfor.yl; cycloaikenyl-substituted carbonyl; 
cycloalkenyl-substituted sulfonyl; alkenoxycarbonyi 
optionally substituted with aryl; ai kenoxysul f onyl 
optionally substituted with aryl; al kynoxycarbonyl 
optionally substituted with aryl; al kynoxysul f onyl 
optionally substituted with aryl; alkenyl- or alkynyi- 
aminocarbonyl optionally substituted with aryl; alkenyl- 
or alkynyl-aminosulfonyl optionally substituted with 
aryl; acylamino-subst i tuted alkanoyl; acylamino- 
substituted alkylsulfonyl; aminocarbonyl-substi tuted 
alkanoyl; carbamoyl-substi tuted alkanoyl; carbamoyl- 
substituted alkylsulfonyl; heterocyclylalkanoyl ; 
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heterocyclylaminosulfonyl; carboxyalkyl-substituted 
aralkoyl; carboxyalkyl-substituted aralkylsulf onyl ; 
oxocarbocyclyl-fused aroyl; oxocarbocyclyl - fused 
arylsulfonyl; heterocyclylal kanoyl ; N\N'-alkyl, 
5 arylhydrazinocarbonyl; aryloxy-substituted alkanoyi and 

heterocyclylalkylsulfonyi . 

Y"' is -N(R : )-C(R ; ) (A')-C(O)-; 

Y : is -N(R'-)-C(R-) (A : )-C(0)-; 

each Y 3 is represented by the formula -N(R->- 
10 C (R- ) (A ; ) -C (O) -; 

each R : is independently selected from the ~~ 
consisting of hydrogen, alky!, and araikyl; alkenyi; ' 
alkynyl; cycloalkyl; cycloaikenyi ; cycioalkylaikvi ; a~y 
aminoalkyl; mono- or di-aikyl-substituted aminoalkv' ; 
mono- or di-aralkyl-substituted aminoalkyl; hydroxvalkV 
alkoxyalkyl; mercaptca 1 kyl ; zr.io&l Koxyaikyl 

A : is selected frcr tne ;rou? consisting cf 
amine acid side chains and err resccr.dir.g prc^-- e ~ 

cer:vat:ves; cyc.ca.t:;.; a-- - ,• • ... 

— • .• - ~ a . ~ j z s t . " _ - 

witr. arr.ir.c, acy.arr.ir.c, ar. : r.;- s -£ ed acv ; a.-.:nc '. 

aikoxycarbor.yiar.inc, aryl, cycicaikyi. carboxv. , 
aralkyioxy, al koxvearceny : , ar ai kcxycarbcnyl , 
ammocarbonyi, ai kylar.iaocarbony: , ciai kylamino:arfacr.v: , 
(alkyi) (aralkyDammocarbcny., araiKylaminocarcor.yl, 
! ~ diaralkylaminocarbonyl , hydroxy!, 

carboxyalkylaminocarbcnyi, hydroxylammocarbonyl, 
mercapto, thioaikoxy or heterocycle ; 

A- is selected frorr. the group consisting of 
acidic functional groups and alkyl optionally substitutes 
0 with an acidic functional group, protected acidic 

functional group or aryl; 
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each A 3 is independently selected from the group 
consisting of amino acid side chains and corresponding 
protected derivatives; aryl; cycloalkyl; and alkyl 
optionally substituted with amino, acylamino, amino- 
substituted acylamino, aryl, cycloalkyl, carboxy, alkoxy, 
aralkyloxy, alkoxycarbonyl , aralkoxycarbonyl , 
aminocarbonyl, alkylaminocarbonyi , dial kylaminocarbonyi , 
(alkyl) (aralkyl) aminocarbonyl, aralkylaminocarbonyl , 
diaralkylaminocarbonyl, hydroxyl, 

carboxyalkylaminocarbonyl, hydroxyi-ammocarbonyi , 
mercapto, thioalkoxy or heterocycle'; 

or R • and any A are taker, together with the 
atoms to which they are attached form a 3- to 6-mer.beree 
ring heterocycle; 

lo each R ; is independently selected frorr. the c:rcur 

consisting cf hydrogen and alkyl; 

r. is an integer frorr. 0 :c r; and 

X is selected frcrr. t.-.e grcuc :cr.s:s::n: cf 

c.kcxy; aryiox y; araikyicxy; r.ydr 1 ; ax.ir.r. ; a ■-■ 
2v ep.tic-r.aliy substituted with hysrcxy, amine car be r.yl , t:- 

ai kyiarr.inocarbor.yl , carboxy cr a 1 >:oxvcarbcr.vi ; 

diaikylamir.c; cycloalkyl amine; dicyclcaikyiaminc; 

cycioalkylaikylammc; (alkyl; ;aryl- amine; aral kyl amir.c 

optionally substituted with carboxy; diaral kyiaminc ; 
25 a-rylamino; heterocycle; and (mono- or bis-carboxyii c 

acid) -substituted aikyiamme; heteroryciyiaminc ; 

heterocyclyl -substituted alkylammo 

and wherein the compound of formula I is expressly net 
N' -carboxymethyl-N- (phenylacetyl-L-leucyl-L-aspartyl-L- 
phenylalanyl-L-prolyl ) piperazine (i.e., when 
Z=phenylacetyl, Y ; =L, Y ; = D, Y : =F/P, n =2, and X=4- 
carboxymethylpiperazinyl) and expressly not phenylacet vi - 
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L-leucyl-L-aspartyl-L-phenylalanyl-D-proline amide (i e 
when Z-phenylacetyl, Y-L. Y'=D, Y'-F/p. n=2, and x-NH-). ' 

A "pharmaceutically acceptable. derivative" ' 
denotes any pharmaceutically acceptable salt, ester, salt 
of such ester, amide or salt of such amide of a comocur- 
of this invention. The invention also includes any o-he- 
compound which, upon administration to a patient, is 
■ capable of providing (directly or indirectly) a cor.no. ^ 
of this invention (e.g. a. prodrug). The invention a's/ 
includes metabolites or residues of a compound of this 
inventicr. characterized by the ability to inhibit, 
prevent cr suppress cell adhesion and cell adhesion- 
mediated pathologies. 

In a preferred embodiment of this invention, A 
is selected from the group consisting of cycloalky'-"" 
heterocyclic ring (when A and R are taken toaethe-' • — 
alkyl optionally substituted witr, ar.i.nc, acylam.r.c. 
ar.ir.c-sucstituted acyia.-r.xnc. aryi, carfccxy, cycl c a 1 k , . , 
- ; 2:cx/, a k c x y , a r a 1 >: y i c x v , a . .-: z x 7 ~ - - * - ■ - * 

a r a i Koxv:£ r c* r v ' -r - - - ri . . • 

** .* - ' — - - • - an... . j ^ r. r r. v 

d.cikyla.-.ir.ccarbcnyi, (alkyl ..aralkyl ■air.inocarcrr.v_, 
a r a 1 k y i arr.i no ca r boh y i , d i a r a 1 k y 1 a- 1 r. c z a reor. v 1 , 
alkoxycarconyiamino, mercapto. thioalkoxy or hetercrvr.e. 

More preferably, A- is selected frorr. the crc.r 
consisting of aminocarbonyietr.yi , benzyl, n-butyi, 
isobutyi, carboxyethyi, cyclohexyl, 1 -hydroxyethy 1 , 
hydroxyroethyi, mercaptomethyi , 1 -methylpropyl , 
methylthioethyi, n-propyi, isopropyi, 

methoxycarbonylaminobutyl, 6-aminohexanoylaminobutyi an- 
(when A ; and R are taken together) azetidine, azirldine, 
pyrrolidine, and piperidine. 
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Even more preferably, A 1 is selected from the 
group consisting of benzyl, n-butyl, isobutyl, 
methylthioethyl, cyclohexyl, 1-methylpropyl , n-propyl and 
isopropyl. An alternate preferred A 1 is (when A 1 and R 1 
5 are taken together) pyrrolidine. 

In an alternate preferred embodiment, A 2 is 
selected from the group consisting of alkyl optionally 
substituted with amino, aminocarbonyl, aryl, 
alkoxycarbonyl, aralkyloxycarbonyl , 
hydroxylaminocarbonyl, carboxy, NH-containing 
heterocycle, hydroxy, or mercapto; aralkyl optionally 
substituted with amino, aminocarbonyl, carboxy, NH- 
containing heterocycle, hydroxy, or mercapto; and 
heterocyclic ring (when A 2 and R 1 are taken together) . 

More preferably, A 2 is selected from the group 
consisting of carboxymethyl, 2-carboxyethyl , 1- 
carboxyethyl, hydroxylaminocarbonylmethyl , hydroxymethyl , 
mercaptomethyl, imidazolylmethyi , N-Bn-imidazol ylmethy i , 
phenyl , car borne thoxyme thyl , carbobenzyloxymethyl , and 
(when A : and R 1 are taken together) azetidine, aziridme, 
pyrrolidine, and piperidine. 

Even more preferably, A : is selected from the 
group consisting of carboxymethyl, 2-carboxyethyl , 1- 
carboxyethyl, hydroxylaminocarbonylmethyl , hydroxymethyl , 
mercaptomethyl and imidazolylmethyi . 

According to another preferred embodiment, A' is 
independently selected from the group consisting of ammo 
acid side chains and corresponding protected derivatives; 
cycloalkyl; and alkyl optionally substituted with aryl, 
cycloalkyl, carboxy, hydroxylaminocarbonyl, alkoxy, 
aralkyloxy, mercapto, N-containing heterocycle, 
carboxyalkylaminocarbonyl or amino-substituted acylamino. 
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More preferably, A 3 is independently selected 
from the group consisting of amino acid side chains and 
corresponding protected derivatives; cyclohexyl; and 
alkyl optionally substituted with phenyl, cyclohexyl, 
carboxy, hydroxylaminocarbonyl , methoxy, benzyloxy, 
mercapto, N-benzylimidazclyl , biotinyl, tetrazolyi, 
valinyl-N-carbonyl or 6-aminchexanoylamino . 

According to another preferred embodiment, each 
Y ; is independently selected from the group consisting of 
ammo acids and corresponding protected derivatives. 

According to another preferred embodiment, Y is 
leucinyl (R-=H, R-=K, A'-i-BuJ; Y is aspartyl (R-=H, R- = H, 
A : = carboxymethyl) ; n = 2; ar.d Y ls val inylprol inyl :R-=H, 
R- = H, A : =i-Pr) / (R ; =H, R : with A =proline). 

In another preferred embodiment, X is selected 
frc- the group consisting of aikoxy; aryloxy; aral i-ryloxv; 
r.yaroxyl ; amine; mono- and aialkylammc optional.y 
substituted with hydroxy, am : r.r ra rbcnvl , N- 
£- .■:y.ar.;r.c:ercor.yl , carbcxv :r ~.y v ■• -h~- v 1 • 
dialkyiarr.ir.c; cycle al ky .am: n: ; rycioal :-:ylal kyia.T.mc ; 
-icycieaikylamir.c; .alky! ; (aryl , ammo; aral kyiammt ' 
optionally substituted with carboxy; di a ral ky larr.ir.c ; 
aryiammc; N-containing heterocycle; bis-carboxy. :c a::c- 
substituted aikylamir.e and (mono- cr bis- 
carboxy) methyl ami nocarbor.y I- subs ti tuted-N-cont air. inc 
heterocycle. 

More preferably, X is selected from the group 
consisting of amine, methyiammo, isopropylamino, 
isobutylamino, n-butylammo, t-butylamino, isoamyiaminc, 
isopentylamino, hexylamino, cyclohexylamino, 
cyclohexylmethylamino, methyiphenylamino, 
phenylmethylamino, phenyl amino, 4- 
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methoxyphenylmethylamino, dimethyl amino, 
diisopropylamino, diisobutylamino, hydroxy, methoxy, 
butoxy, t-butoxy, benzyloxy, 2-piperidinecarboxylx C acid, 
N' - (a, a ' -bis-carboxymethyl ) -2-piperidinecarboxamide, N • - ' 
carboxymethyl-2- P i P eridinecarboxamide, l-hydroxymethyl-2- 
methylpropylamino, l-N'-methylamido-l-methylethylamino, 
3,3-dimethylbutyiamino, l-N • -methylamidobutylamino, 1- 
amido-2^methylbutylamino, 1 -carbomethoxy-2- 
methylbutylamino, l-N' -methyiamidc-2-methylbutylamino, 
carboxy-l-phenylmethyiamino, morpholino, pipendmyl, 
phenylpiperazinyl, pipecciinyi, and piperazmyi . 

According to another preferred embodiment, I is 
selected from the group consisting of aliphatic acyl, 
aroyi, aral kylcarbonyl , heterocycloy 1 , aiko.xycarbor.yl , 
aralkyioxycarbonyl and heterocycioal kylcarbonyl . Mo-e 
preferably, 2 is a (N-Ar ' -urea ;• -para-substituted 
aral kylcarbonyl group and ever, mere preferably, 2 -s a 
•.N-Ar ' -urea) -para-substituted pher. yime t r.vl ea rbcnv 1 z-- 



i - 



grcup. Ever, more pre ferae i y. 2 :s a '.U-zzznz— 
substituted-Ar' urea) -pa ra -sues t i tu z ed 
phenyimethyicarbcr.yl group cr :N-meta-subs ti tutec- 
Ar'urea)-para-substituted phenyimethyicarbonyl group. 

Examples cf seme specific preferred compounds 
of this invention are provided in Table 1. 
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Tablg 1 
Z-<Y l )-(Y*,-(Y 3 ) 0 - X (I) 



wherein 



Y : is -N(R : )-C(R 2 ) (AM-CfO)-; 
Y 2 is -N(R : )-C(R 2 ) (A 2 )-C(0)-; 

ctof-f 15 repreSented ^ the formula -N <*)-(;(*) (A- ) - 
For A : , A ; and A 3 , a single letter co 




^K? SS K eXpreSSly nOCed t0 the contrary; compounds - 
table have R* and R- as hydrogen. * P **' -'- s 



Cmpd 
# 



3-methoxy-4-(N*-phenyl 
urea)phenylacetvl 



3-methoxy-4-(N'-phenyl 
urea)phenylacetyl 



6-methoxy-5-(N'-(2-methylphenyl) 
urea)-2-pyridylacetyt 



M 



6-methoxy-5-(N'-(2-methyiphenyl) 
urea)-2-pyhdylacetYt 



3-jsoquinolinecarbonyl 



3-isoquinolinecarbonyl 




V/P 



V/P 



OH 



hydroxy! 
aminocarb- 
onylmethyl 



NH 



OH 



OH 



OH 



WO 97/03094 



PCT/US96/11570 



- 25 - 



5 



C 



5 



Cmpc 
# 


» 2 


A 1 


M 


(A ) n 


X 


11 


3-isoquinofinecarbonyl 


L 


D 




NH-CyM 


12 


3-isoquinolinecarbonyl 


L 


D 




OH 


13 


3-(4-hydroxyphenyl)propionyl 


L (R : =Me) 


D 


V 


OMe 


14 


3-(4-hydroxyphenyl)propionyl 


L 


0 




NH-CyM 


15 


3-(4.hydroxyphenvl)DroDionvl 


I 


a 




NHi-Bu 


16 


3-(4-hydroxvDhenvhDroDionvi 


| 


a 




NHi-Bu 


17 


3-(4-hydro>ryphenyhpropionyi 


| 


r\ 
U 




NHi-Bu 


18 


3-(4-hydroxvDhenvhDror>iQnvl 




u 


V 


OMe 


19 


3-(4-hydrorvDhenvl>Dfonronvi 


I 


Pi 


V 


OMe 


20 


3-(4-hydrojfVDhenvnDroDionvi 


1 

L. 


u 


(N-Me)-V 


OMe 


21 


3-(4-hydroxyphenyl)propionyl 


I 

L, 


1 -carboxy- 
ethyl 


V 


OMe 


22 


3-(4-hydroxyphenyl)propionyl 


L 


fN-Me)-D 


V 


OMe 


22 


tetrahydro-3-isoouinohnerarhnnvi 


i 

L 


D 






24 


3-phenylpropionyl 


L 


D 




NH-CvM 


25 


4-phenylbutyryl 


w 


D 





NH-CvM 


26 


5-phenylDentanoy! 


L 


D 





NH-CvM i 


2" 


tetrahydro-3-isoquinohnecarbonyl 


L 


fN-Bn)-H 


V 


OH j 


28 


acetyl 


(N-Bn)-L 


D 


V 


OMe i 


29 


acetyl 


(N-pnen- 
ethvh-L 


D 


V 


OMe I 


30 


3-phenylproptonyl 


(N-Dnpn- 
ethyl)- L 


n 


V 


— 

OMe 


3 4 


tetrahydro-3-rsoquinolinecarbonyl 


L 


E 


V 




32 


3-isoquinolinecarbonyl 


L 


D 


V/P 


OH I 


33 


tetra hydro- 3-isoquinolinecarbonyl 


L 


D 


V/P 


OH I 


34 


phenylacetyl 


L 


D 


V/P 


OH | 


35 


phenylacetyl 


L 


D 


V/P 


OMe 


36 


3-phenylpropionyl 


L 


D 


V/P 


OH 


37 


3-DhenvlDroDionyl 


L 


D 


V/P 


OMe I 



PCT/US96/11570 



- 26 - 



Cmpdf 
# 



41 
42 

43 
44 



45 

46 

47 

48 

49 

50 

51 

52 



53 
54 



3-(4-hvdroxyphenyl)propionvl 
3-(4-hydroxyphenvn DroDionvl 
Boc 



L 



D 



2-quinolinecarbo nvl 
phenylacetyl 

phenylacetyl 
2-quinolinecarbonyl 



L 
L 



D 
0 



V/P 
V/P 
V/P 



V/P 
V/pipecoliny 

V/n-butyl 
V/n-butyl 



OH 
OMe 
OMe 



OMe 
OH 

OH 



OH 



4-methoxypheny lac^ 
3-(4-hydroryphenY^propio nvl 
benzylaminocarbonyl 
u tolylaminocarbo nvl 
phenylacetyl 
phenylacety l 
Phenylacet 
2-quinolinecarbonyl 



(N-Me) 


-L 


D 


V 


NHMe 


(N-Me) 


-L 


D 


V 


I NHMe 


L 




D 


V 


NHMe 


L 




D 


V 


NHMe 


n-prop 


yl 


D 


V 


NHMe 


L 




D 


V 


| NHNap 


L 




D 


n-propy) 


NHMe 


L 




D 


n-propyl 


NHMe 



ahenylacetyt 
phenylacetyl 



_L_ 

L 



D 



_2;butyl 
2 -butyl 



NH 

•OMe 



55 
56 



Jhenylacetyf 
2-quinolinecarbonyl 



L 



D_ 
D 



^butyl 
2-butyl 
2-butyi 



NHMe 
OMe 



57 



58 



59 



2*quinolinecarbonyl 



1.2,3.4-tetrahydro-2- 
quinolinecarbonyl 



NHMe 



2-butyl 



NHMe 



2-quinolinecarbonyl 



(O-Me)-T | NHMe 
T I NHt-Bu 



60 



61 



2-quinolinecarbonyl 



2-quinolinecarbonyl 



L 



morpho- 
lino 



WO 97/01094 
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Cmpd 
# 



A 1 



(A 3 ). 



63 



2-N-Boc-amino-1.2,3.4-tetrahydro- 
2-naphthoyl 



OH 



64 



3-phenyfpropionyl 



65 



66 



67 



3-(4-hydroxyphenyl)-2-bis- 
(methylsulfonyt)aminopropionyl 



3-(4-hydroxyphenyf)-2-N-Boc- 
aminopropionyl 



2-amino-1 ,2.3.4-tetrahydro-2- 
naphthoyl TFA salt 



OH 



OH 



OH 



68 



Boc 



69 



70 



3-is6quinoffnecarbonyl 



3-isoquinolinecarbonyl 



OH 



71 



1,2.3.4-tetrahydro-3- 
isoquinolinecarbonYl 



OH 



72 



naphthoyt 



OH 
OH 



73 



74 



1 .2.3 4-tetrahydro-2-naphthoyl 
naphthoyl 



D 
V 



75 



1 2.3 4-tetrahydro-2-naphthovl 



V 



OH 



76 



77 



5-phenylpentanoyl 



V 



2-pyridinecarbonyi 



V 



OH 



OH 
OH 



78 



2-pyridinecarbonyl 



V 



79 



3-tetrahydrofurancarbonyl 



L 



80 



2-tetrahydrofurancarbonyl 



81 
82 



3-isoquinolmecarbonyl 



S-isoquinohnecarbonyl 



A (R : =Me)| 



Oh 



OH 



83 



3-isoquinolinecarbonyl 



cyclohexyl 



QH II 



84 



1.2,3.4-tetrahydro-3- 
isoquinolinecarbonyl 



cyclohexyl 



OH 



85 



86 



3-isoquinolinecarbonyl 



jcyclohexyl- 
methyl 



1,2.3,4-tetrahydro-3- 
isoquinolinecarbonyl 



(cyclohexyl- 
methvl 



OH 



OH 



WO 97/03094 
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- 28 - 



Cmpd 
# 



A 2 



(A 5 ). 



87 



3-isoquinolinecarbonYl 



OH 
OH 



88 



1 ,2.3,4-tetrahydro-3- 
IsoquinolinecarbonYl 



89 
90 

91 
92 

93 
94 

il 
96 

97 



98_ 

99 
100 



101 



102 
103 



3Hsoquinolinecarbonyl 

1,2,3.4-tetrahydro-3- 
isoqumohnecarbonyl 

3-isoquinolinecarbonv l 

1.2.3.4-tetrahydro-3- 
rsoquinolinecarbonvl 

3-isoqumolinecarbonv 

2-quinolinecarbonyl 

3 3-diphenylproponyl 

1.2.3.4-tetrahydro-3- 
tsoquinohnecarbonvl 

3-isoquinolinecarbonYl 



L 
L 

A 



D 
D 

JD_ 
D 



5-phenylpentanoyl 
mdole-2-carbonyl 
3-(4-hvc3royy)phenylpfopionyl 
benzoyl 



L 



D 



5-phenyipentanoyi 
3-(4-hydrory)phenylpropionyl 



D 



F 

V 
V 
V 

V 



V 
V 



OH 
OH 

OH 
OH 

OH 
OH 
OH 
OH 

OH 



OH 
OH 
NHi-Bu 



NHi-Bu 



104 
105 



6-phenylhexa novi 
ber^oyl 



L 



D 



V 



OH 
OH I) 



106 



5-phenylpentanoyl 



NH.-Bu 
OH 



107 



108 



N-phenylsuccinamoy) 



N-4-f)uofophenylsuccinamoyi 



D 
D 



109 



110 



111 



N-methyl-N-phenylsuccinamoyl 



1.2.3,4-tetrahydro-2- 
ouinolinecarbonyl 



N-phenylsuccinamoyl 



OH 



NHi-amyl 



NHi-Bu 
OMe 



112 



3-phenvjpropYl 



(N-MeVL 



(O-Me)-D 



WO 97/03094 



PCT/DS96/11570 



- 29 - 



Cmpd z 
# 


A' 


A2 
M 


(A )* 


X 


1 113 


benzoyl 


(N-Me)-L 


D 


V 


OH 


| 114 


1,2,3.4-tetrahydro-2- 
quinolinecarbonyl 


L 


0 


V 


NHHex 


5 


115 

116 
117 


1.2.3.4-tetrahydro-2- 
quinolinecarbonyl 

3-(4-hydfoxy)phenylpropionyl 

3-(4-hydroxy)phenylpropionyl 


L 

L 
L 


D 

D 
0 


V 


4-phenyl- 
piperidine 

NHHex 

N(iBuK 


118 


3-(4-hydroxy)phenylpropionyl 


i 

w 


u 




N(iBu). 


119 


3-(4-hydroxy)phenylpropionyl 


L 


D 


V 


NHHex 


120 


1,2.3.4-tetrahydro-2- 
quinolinecarbonyl 


L 


D 


V 


NMePh 


121 


2-quinolinecarbonyl 


1 


u 


V 


NMePh 


1C 


122 


1.2.3.4-tetrahydro-2- 
quinolinecarbonyl 


L 


D 


V 


NH-4-flu- 


123 


2-quinolinecarbonyl 


L 


D 


V 


orophenyl 
NH-4-fiu- 


124 


1.2.3.4-tetrahydro-2- 
qutnolinecarbonyl 


L. 


U 


V 


oroDtienyl 
NHPh 




125 


2-qutnolmecarbonyf 


L 


D 


V 


NHPh 




126 


2-pyndinecarbonyl 


(N-Me)-L 


D 


V 


NHMe 




127 


2-quinolinecarbonyl 


L 


D 


V 


4-pheny(- 
piper - 
azinyi 




128 


4-methoxy benzoyl 


(N-Me)-L 


D 


V 


NHMe 1 




129 


phenylacetyl 


Y 


D 


V 


NHMe 




[ 130 


phenylacetyl 


p 


D 


V 


NHMe 




131 


phenylacetyl 


R 


D 


V 


NHMe 




132 


phenylacetyl 


N 


D 


V 


NHMe 




133 


2-N-Boc-amino-1.2.3.4-tetrahydro- 
2-naphthoyl 


D 


V 




NHMe 




134 


2-N-phenylacetylamino-1 ,2.3.4- 
tetrahydro-2-naphthoyl 


D 


V 




, NHMe 




135 


Boc 


D 


P 


G 


OH 



WO 97/03094 
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Cmpd 
# 

136 



phenyiacetyl 



(A 5 ) n 



OH 



137 



phenyiacetyl 



N-fbts- 
(carboxy)- 
methylj- 
pipecolin- 

amido 



138 



phenyiacetyl 



NH-fbis- 
(carboxy)- 
methyl] 



139 



phenyiacetyl 



N- 

[carboxym 

ethyl)- 
pipecolin- 
amide 



140 



3-phenylpropionyl 



(N-Me)-L 



OMe 



141 



4-hydroxyphenytacetyl 



(N-Me)-L 



OMe 



142 



2-quinolinecarbonyl 



(N-Me)-L 



OMe 



143 



4-phenylbutyryl 



(N-Me)-L 



V 



OMe 



144 



4-(N-2-hydroxy- 
phenylurea)phenylacetyl 



V/P 



OH 



145 



PUPA 



V/P 



OH 



1^6 4-(N*-2-hydroxy- 

phenylurea)phenyiacetyl 



M 



V/P 



OH 



147 3-methoxy-4-(N ■ 

phenylureajphenylacetyl 



V/P 



NH. 



148 



2-MPUPA 



V/P 



NH. 



149 



Boc 



OH 



150 



5-phenylpentanoyl 



OH 



151 



152 



2-allyM-phenylbutyryl 



acetyl 



DA/ 



OH 



OH 



153 



benzoyl 



DA/ 



OH 



154 



1.2.3.4-tetrahydro-3- 
tsoquinolinecarbonyl 



OMe 



155 



4-Dhenvlbutvrvl 



OH 



WO 97/03094 



PCT/US96/11S70 



- 31 - 



5 



10 



20 



25 



Cmp 
# 


* 2 


A 1 


A 2 




X 


156 


3-isoquinolinecarbonyl 


L 


D 


V 


OMe 


157 


3-tsoquinolinecarbonyl 


L 


D 




NHi-Bu 


158 


2-quinolinecarbonyl 


L 


D 


V 


Ot-Bu 


159 


2-quinolinecarbonyl 


L 


(O-Bn)-D 


V 


OH 


160 


2-quinolinecarbonyl 


L 


D 


D 


OH 


161 


4-phenvlbutyryl 


L 


0 




NHi-Bu 


162 


3-phenylpropionyl 


L 


D 




NHi-Bu 


163 


benzoyl 


G 


L 


D 


NHi-Bu 


164 


2-quinolinecarbonyl 


L 


D 


V 


NHMe 


165 


4-methoxybenzoyf 


L 


D 




NHi-Bu 


166 


4-phenylbutyryl. 


L 


0 


V 


OMe 


167 


Boc 


L 


D 


V/M 


OMe 


168 


2-quinohnecarbonyl 


L 


D 


V/M 


OMe 


169 


N-n-butylaminocarbonyl 


D 


V 




OMe 


170 


^-quinonnecarDonyl 


L 


D 


T 


OMe 


171 


N-t-butylaminocarbonyt 


L 


D 




NHt-Bu 


172 


benzoyl 


G 


D 


V 


OMe 1 


173 


benzoyl 


G 


(O-Me)-D 


V 


OMe j 


174 


2-qumolinecaroonyl 


L 


D 





NH(1-hy. j 
Orory. 

methyl. 2- | 
metriyi. j 
proDvl) ! 


175 


2-quinolinecarbonyl 


L 


D 


V 


t 

morpno- | 
lino ; 


176 


4-methoxyphenylacetyl 


L 


D 


T 


OMe i 


177 


4-methoxyphenylsulfonyl 


L 


D 


T 


OMe |i 


178 


2-quinolinecarbonyt 


L 


D 


V 


NH. j 


179 


2-quinolinecarbonyl 


(N-Me)-L 


D 


V 


NHMe ! 


180 


phenylacetyl 


(N-Me)-L 


0 


V 


NHMe I 


181 


Dhenvlacetyl 


L 


D 


V 


NHMe 



WO 97/03094 
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Cmpd 
# 



A 1 



(A 3 )„ 



182 



3-phenylpropionyl 



(N-Me)-L 



183 



phenylacetyl 



M 



184 



185 



186 



-phenylpropionyl 



(N-Me)-L 



2-quinolinecarbonyl 



D 
D 



NHMe 



2-quinolinecarbonyl 



V/M 
(O-Me)-T 



187 
188 
189 
190 



191 



192 
193 
194 
195 



196 
197 

198 



Jhenylaminocarbonyl 
4-hydroxyphenylac etvl 
Jhenylsutfonyl 
phenylacetyl 



[N-Me) -L 
L 
L 



phenylacetyl 



Phenylacetyl 
Phenylacetyl 
phenylacetyl 
2-Quinohnecarbonyl 



2-quinohnecarbonyl 



2-quinohnecarbonyl 



L 



L 



D 



OH 
NHMe 
NHMe 
NHMe 
OMe 



OMe 



D 



(O-Bn)-T 
(O-Ac)-T 
V 
T 



OMe 
OMe 
NHMe 
On-Bu 



D 



V 
T 



On-Bu 



NH(3.3 
|dimethyl-n- 
butyh 



199 



200 



201 



202 



PUPA 



PUPA 



PUPA 



2-MPUPA 



(N-6- 
aminohexa 
novl)-K 



V/P 



V/P 



NH. 
NH. 



v/P 



NH. 



V/P 



OH 



WO 97/03094 



PCT/US96/11S70 



- 33 - 



5 



10 



20 



25 



Cmpc 
# 


1 \ 7 
' C 


A' 


A 2 


(A 3 ) n 


X 


207 


2-MPUPA 


L 


D 


phenyl 


OH 


20fi 


Dl IDA 
PUPA 


L 


D 


V/P 


NK 




Dl ID A 

PUPA 


f 


D 


V/P 


NH- 


210 


Dl IDA 

PUPA 


L 


d 


V/P 


NH, 


21 1 


Dl IDA 

PUPA 


I 


D 


v/P 


NH, 


215 


Dl ID A 
PUPA 


1 


d 


v/p 


NH, 


213 


Dl IDA 

PUPA 


L 


D 




NHBn 


214 


Dt IDA 


L 


D 





morpho- 
hno 


215 


PUPA 


L 


D 




NHi-Pr 


216 


PUPA 


L 


D 




NHCy 


217 


PUPA 


L 


D 




NHi-Bu 


218 


PUPA 


L 


D 




oinpnriinvl 


219 


2-MPUPA 


M 


D 


D 


NH 


220 


2-MPUPA 


M 


D 


L 


NH. 


221 


2-MPUPA 




D 


V 


NH 


222 


2-MPUPA 


f.- ' 1 


D 


I 


NH 


223 


2-MPUPA 


M- | 


D 


E 


NH 


224 


2-MPUPA 


u 


D 


T 


Nh 


225 


2-MPUPA 


M 


D 


M 


NH ). 


226 


2-MPUPA 


M 


D . 


n 


|l 

i 

NH j 


227 


2-MPUPA 


M 


D 


e 


NH. j 


" 228 


2-MPUPA 


M 


D 


W 


NH. 1 


229 


2-MPUPA 


M 


D 


s 


NH. 


230 


2-MPUPA 


L 


D 


D 


NH. 


231 


2-MPUPA 


L 


D 


L 


NH. 


232 


2-MPUPA 


L 


D 


V 


NH. 


233 


2-MPUPA 


L 


D 


1 


NH- 


234 


2-MPUPA 


L 


D 


E 


NH. 



WO 97/03094 
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WO 97/03094 



PCT/US96/11570 




WO 97/03094 
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1C 



25 



Cmpdj 
#_ 

293 



294 



295 



296 



297 



298 



299 



300 
301 
302 
303 



304 



305 



306 



307 



308 



309 



310 



311 



312 



313 



314 



315 



316 



317 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 
2-MPUPA 
2-MPUPA 
2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



2-MPUPA 



A 1 



M 



M 



M 



4-(N , -2-Dvridylurea)phenylacetyl 



3-methoxy-4-(N'-(2-methylphenyl)- 
urea)phenvlacetvl 



n 
e 



W 



n 
e 



D 



V/P 



V/P 



NH. 
NHL 
NH- 



NH. 
NH. 



NH. 
NH. 



OH 



NH. 



WO 97/03094 



PCT/OS96/11S70 



- 37 - 



5 



20 



25 



Cmpx 
# 


i Z 


A' 


A 2 


(A 5 ) n 


X 


321 


PUPA 


L 


D 


V 


NHRn 


322 


PUPA i 


D 


V 


1 'MDl] 


323 


PUPA L 


D 


V 


pipehdinyf 
NHi-Bu 


324 


PUPA 1 , 


D 


V/P 


NHCy 


325 


PUPA 1 i 


D 


V/P 




326 


PUPA l 


D 


V/P 


pipehdiny! 
NHBn 


327 


PUPA | L 


r\ 

4 D 


V/P 


NHi-Pr 


328 


PUPA | L 


U 


V/P 


NHi-Bu 


329 


2-MPUPA j L 


D 


V 


morpho* 
lino 


330 


N-3-(4-hydroxvphenyl) piDecoivl 


D 




NHi-Bu 


331 


N-3-(4-hydroryphenyl)-propiony! p 


D 




NHi-Bu 




3-tsoquinolrnecarbonyl 1 l 


(N-3- 
methyI-2- 
butvroyl)-N 


— 


OH 


333 


'■ — r 

4-methylpentanoyl | d 




— 


NHCyM 


334 


Cbz -CH CH . 

(N oi ; , 


<N 

\^rl V^Pl -(o 

of A )-D 


V 


OMe 


335 


3-(4-hydroxyphenyl)propionyl -CH-Ch - 

(N of A ) 


(N- 
CH.CH-(C 
Of A )-D 


V 


OMe j 


336 


4-f2-fluorophenylurea)phenytacetyl l 


D 


V/P 


OH J 


337 


2-MPUPA | L 


D 


V/P/S 


OH 1 


.338 


2-MPUPA J L 


D 


V/P/S/T 


OH 


339 


2-MPUPA v 


L 


P/D 


OH 


340 


2-MPUPA 1 v 


1 


p/d 


OH 


341 


2-MPUPA 1 l 


P 


V/D 


OH 


342 


2-MPUPA 1 p 


D 




OH 


343 


hydrogen p 


V 


d/l 


2-MPUBA 


344 


hydrogen | v 


d 


1 


2-MPUBA 


345 


2-MPUPA 1 | 


D 


V 


OH 
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38 - 



10 



i - 



25 




i 



WO 97/03094 
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- 39 - 



10 



20 



Cmpd 
# 



371 



372 



375 



376 



377 



378 



379 



380 



381 



4-oxo-4 t 5,6,7- 
tetrahydrobenzo[b]furan-3- 
ylcarbonyl 



3-(5- 

(pheny<acetylenyl))pyhdinecarbonYl 



j^{2-phenylthio)-p yhdinec arbonv 
4-propylbenzoyl 



4-(2-(3-pyridinyQ)thiazoJecarbonyl 



4-(2-(4-pyridinyl))thiazolecarbonyl 



5-(2-(3-pyridinyl))thiophenesulfonyl 



5-(2-(1-pyrrolyl))pyridmecarbony) 



N ( N-(4-trifluoromethylpyridin-2- 
yQmethylhydraztnocarbonyl 



2-quinoxafinylaminocarbonyl 



382 



383 



384 



385 



386 



387 



388 



389 



390 



391 



392 



N-(4-trifluoromethy!pyndin-2- 
yl)piperaztnocarbonyl 



A 1 



A 2 



L 



5.(2.(2- 

trifluoromethyl)phenyisulfonyl)- 
1 .2.3 4-tetrahydrothiophenesulfonyl 



1-(4-chlorophenylmethyl)pyrrolidin- 
, 2-on-4-ylcarbonyl 



1-(2-furanylmethy)lpyrrohdin-2-on- 
4-ylcarbonyl 



2-(1-pyrrolyl)benzoy[ 



6-chlorochroman-3-ylcarbonyl 



2.3-dihydrobenzofuran-5-ylcarbonyl 



4,6-dimethy!pyrazolo[1 5-c]tnazin-3- 
ylcarbonyl 



3.4-benzocyclohexanoyl 



norbornylacetyl 



1.2.3,4-tetrahydro-9- 
acridinylcarbonyl 



5,6,7,8- 

tetrahvdronaphthvlaminocarbonYl 



(A 3 ) ft 



V 
V 



V 



V 



V 



OH 



OH 



OH 
OH 



OH 
OH 



OH 



OH 



OH 



OH 
OH 



OH 



OH 
OH 



OH 
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Cmpd 
# 



A' 



(A 3 ) n 



393 



3-(2-(4-methylthiophenoxy))- 
pyridinecarbonyl 



OH 



394 



2-(6-methoxynaphth-2-yl)propionyl 



395 



(2-naphthyloxy)acetyl 



396 



3-quinuclidinylaminocarbonyl 



397 



2-(1. 2,3,4- 
tetrahydroisoquinoline)carbonyl 



OH 



398 



adamantan-2-yfcarbonyl 



399 



(2-pyridyl)acetyl 



400 



6-methylcyclohexen-2-ylcarbonyl 



401 



(3-quinohnyl)acetyl 



402 



4-(2-butyl)phenylaminocarbonyl 



V 



OH 
OH 



403 



1 .4-dihydro- 1 -ethyl-7-methyl-4-oxo- 
1 ,8-naphthyridin-3-ytcarbonyl 



404 



(2-thienyl)acetyl 



405 



4- 



(2-propyl)ben2oyl 



V 



406 



3 4-methylenedoyyben2oyl 



OH 



407 



408 



2-(5-(2-pyridyl))thiophenecarbonyl 



N-iminodibenzylcarbonyl 



OH 



OH 



409 



2-MPUPA 



410 



2-MPUPA 



OMe 



411 



2-MPUPA 



OH 



412 



2-MPUPA 



•CH,CH,. 
(N of R r ) 



OH 



413 



2-MPUPA 



NMe 



414 



415 



2-MPUPA 



2-MPUPA 



NMe 



OH 



416 



2-MPUPA 



OH 
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where Het 1 , Het 2 , Het 3 , Het 4 , and Het ; in 
defined below: 



Table 1 are 



C02H 



HeV 



OMe 



CO2H 



Het? 

OMe 
OMe 



CO2H 



Het3 




C0 2 H 



Het* 




OMe 



^<5n. Nets 



COjH 



The more preferred compounds of formula (I) are 
selected from the group consisting of compound numbers 1, 
2, 4, 144, 145, 146, 147, 148, 206, 315, 316, 317, 337 
338, 345, 346, 347, 357, 358 and 359 as identified in ' 
Table l. Even more preferred compounds of formula (I) 
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are selected from the group consisting of compound 
numbers 1, 206, 316, 358 and 359 as identified in Table 
1. The most preferred compounds of formula (I, are 
selected from the group consisting of compound numbers 
358 and 359 as identified in Table l. 

Other compounds of this invention are compounds 
of formula II: 



K-(Y*)-CY»)-<Y').-J 

and pharmaceutical^ acceptable derivatives thereof 
wherein; 

K is selected from the group consisting of 
hydrogen, alkyl, aliphatic acyl, aroyi, ar.lkylc.rbonyl. 
heterocycloyl, sulfonyl, aralkylcarbonyl, 
heterocycloalkylcarbonyl, ai koxycarbonyl , 
aralkyloxycarbonyl, heterocycioalkoxycarbony ' , 
aikylaminocarbonyl and ara 1 kylammocarbonyl ; 

J i s selected from the group consisting o< 
a.koxy; aryloxy; aralkyloxy; hydroxy!; ammo; alkyla— 
optionally substituted with hydroxy, ammocarbonyl , \'- ~ 
aikylaminocarbonyl, carboxy or alkoxycarbonyl ; 
dxalkylamino; cycloal kylamino ; dicycioalkylammo; 
(alkylXaryl, amino; aralkyiammo optionally substitute- 
with carboxy; diaralkylamino; arylamino; and (mono- o~~ 
bis-carboxylic acid, -substituted alkylamine; and 

each Y>, Y>. Y>. R=, A : ( A :, a , # r2 , and n is 
independently as defined in formula I above. 

Compounds of this invention may be synthesi 
using any conventional technique. Preferably, these 
compounds are chemically synthesized from readily 



zee 
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available starting materials, such as a-amino acids and 
their functional equivalents. Modular and convergent 
methods for the synthesis of these compounds are also 
preferred. In a convergent approach, for example, large 
5 sections of the final product are brought together m the 

last stages of the synthesis, rather than by incremental 
addition of small pieces to a growing molecular chain. 

According to one embodiment, compounds of the 
present invention may be synthesized in the following 
10 manner. . A protected amino acid or functional equivalent 

is coupled to an appropriate activated ester moiety. Tne 
coupled product, if suitably f unctionalized, r.ay be 
further reacted with yet another activated ester moiety. 
This material can be further manipulated to give the 
15 desired compounds cf the invention. At each step cf tr*- 

above sequence, the ester car. be hydrclyzed to the 
corresponding acid to give another compound c: the 
invent icr. . This acid may a i s : ce. converted ~o a 
corresponding ao.o derivative ry star.oard -etr.ocr: . 

Alternatively, tr.e activates ester -cietier 
mentioned aoove car. be attaches together first, tr.er. --- 
resulting compound can be attached to additional amine 
acids or their functional group equivalents. At this 
point the final manipulations and/or necessary 
2o deprotection steps can be performed. 

In another embodiment, under suitable 
conditions the. desired functionalities can be 
incorporated (protected or unprotected) in one of the 
activated ester moieties. That ester is then coupled 
30 with an amino acid derivative or a moiety consisting cf 

an amino acid derivative previously coupled to an 
activated ester. The resulting product can then be 
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5 



subjected to any deprotection steps, if necessary, to 
give compounds of the invention. 

Alternatively, the compounds of this invention 
may be synthesized using solid support techniques. The 
core amino acid or their functional equivalent groups ar 
assembled using standard reiterative coupling methcdciog 
on a resin. When the desired core is complete, the 
resulting fragment can be coupled with an activated este 
moiety and/or the tethered end of the fragment may be 
further derivatized to give the desired product. 
Appropiate protect ion/deprotection methods may be used a' 
any point during the synthetic sequence. 

The compounds of this invention may alsc be 
modified by appending appropriate functionalities tc 
l -S enhance selective biological properties. Such 

modifications are known ir. the art and include those 
which increase biological penetration into a giver. 
c:cio;ical system ; e . g . , blood, lymphatic system, cer.trs' 
nervous system., i.-.crease cril availability, ir.r rea <---- 
sciubility tc aiiow administration' by ir.-ect ict. , ai-'- 
metaooiism ar.z alter rate cf excreticr. . Examp.es c: 
these modifications include, but are net limited tc, 
esterif icaticr. with polyethylene glycols, den vati zat icr. 
with pivolates or fatty acid substituents, convers icr. tc 
carbamates, hydroxylation of aromatic rings, and 
heteroatom-sucstitution m aromatic rings. 

As used throughout this application, the term 
"patient" refers to mammals, including humans. And the 
term "cell" refers to mammalian cells, including human 
0 cells. 

Once synthesized, the activities and VLA-4 
specificities of the compounds according to this 
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0 



invention may be determined using in vitm and in vivo 
assays . 

For example, the cell adhesion inhibitory 
activity of these compounds may be measured by 
determining the concentration of inhibitor required to 
block the binding of VLA-4-expressing cells to 
fibronectin- or CSl-coated plates. In this assay 
microtiter wells are coated with either fibronectin 
(containing the CS-1 sequence) or cs-1. If CS-1 is used, 
it must be conjugated to a carrier protein, such as 
bovine serum albumin, in order tc bind to the wells. 
Once the wells are coated, varying concentrations of the 
test compound are then added together with appropriately 
labelled, VIA- 4 -expressing cells. Alternatively, the 
test compound may be added first and allowed to incubate 
with the coated wells prior to the addition of the cells. 
The cells are allowed to incubate m the wells for at 
least 30 minutes. Following incubation, the wells are 
emptied and washed. Inhibition c: binding is measured by 
quar.titatmg the fluorescence or radioactivity bound tc 
the plate for each of the various concentrations of test' 
compound, as well as for controls containing no test 
compound. 

VLA-4-expressing cells that may be utilized m 
this assay include Ramos cells, Jurkat cells, A375 
melanoma cells, as well as human peripheral blood 
lymophocytes (PBLs) . The cells used m this assay may be 
f luorescently or radioactively labelled. 

A direct binding assay may also be employee tc 
quantitate the inhibitory activity of the compounds of 
this invention. In this assay, a VCAM-IgG fusion protein 
containing the first two immunoglobulin domains of VCAM 
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(D1D2) attached above the hinge region of an IgGl 
molecule ("VCAM 2D-Ig G »,, is conjugated to a marker 
enzyme, such as alkaline phosphatase (»AP») The 
synthesis of this VCAM-l gG fusion is described in p C t 
publication WO 90/13300, the disclosure of which is * 
herein incorporated by reference. The conjugation of 
that fusion to a marker enzyme is achieved by cross- 
imkmg methods well-known in the art. 

The VCAM-lgG enzyme conjugate is then placed 
t.ne wells of a multi-well filtration plate, such as tha 
. contained m the Millipore Multiscreen Assay System 
■Miliipore corp., Bedford, MA; . Varying concentration 
cf tne test inhibitory compound are then added - G t-e 
wells followed by addition of VLA-4-expressinc cells 
:fle C6llS ' COIB Pound and VCAM-lgG enzyme conjugate are 
-ixed together and allowed to incubate at roc- 
temperature . 



acuu: 



Following :r.:uta:;cr. ( tr.e wells 

trained, leaving behind tne cel. 5 ar.o a- • b 1 

.-anti ration of bound VCAN' '« de-^ — ; 1-. 

appropriate coiorimetric substrate for the er.oyme 
ccr.jugated to VCAM-lgG and determining tne amount ' 
reaction product. Decreased reaction produc/indicates 
increased binding inhibitory activity. 

In order to assess the VLA-4 inhibitory 
specificity of the compounds of this invention, assay 
ror other major groups of mtegnns, i.e., fi 2 and fi3 " *« 
well as other 131 integrms, such as VLA-5, VLA-6 and'o^' 
are performed. These assays may be similar to the 
adhesion inhibition and direct binding assavs describe- 
aoove, substituting the appropriate integrin-expressir- 
cell and corresponding ligand. For example, 
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polymorphonuclear cells (PMNs) express A2 integrins on 
their surface and bind to I CAM . £3 integrins are 
involved in platelet aggregation and inhibition may be. 
measured in a standard platelet aggregation assay. via 
binds specifically to Arg-Gly-Asp sequences, while VLA- 
binds to laminin. Q 4A7 is a recently discovered 
homoiogue of VLA-4 , which also binds fibronectin and 
VCAM. Specificity with respect to c«4fi7 is determined 11 
a binding assay that utilizes the above-described VCAK- 
IgG-enzyme marker conjugate and a cell line that 
expresses a4B7, but not VLA-4, such as P.PMI-S366 cells. 

Once VLA-4-specific inhibitors are identifies, 
they may be further characterized m - assays. Or 

such assay tests the inhibition of contact 
hypersensitivity in an animal, such as described by P.l. 
Chishoim et ai., "Monoclonal Antibodies tc the Integnr. 
a-4 Subunit Inhibit the Murine Contact Hvcersens 1 1 ■ •"• • - • ■ 
** w ' * * 1 — — n - t - p z . cc. ^-66c 1991- a~ " 

5 - • ' - c -' John W lie v <i Scr.r, :;~w y ~ - 1- • * - • 

" • - ■ : '1591 , the disclosures c:' wn:ch is. here.:. 
incorporated by reference. ir. tr.is assay, the s.<ir. c: 
the animal is sensitized by exposure to an irritant, sue 
as dimtrcf luorobenzer.e, followed by light physical 
irritation, such as scratching the skin lightly with a 
sharp edge. Following a recovery period, the animals 
re-sensitized following the same procedure. Several 
after sensitization, one ear of the animal is exposed 
the chemical irritant, while the other ear is treated 
with a non-irritant control solution. Shortly after 
treating the ears, the animals are given various doses c 
the VLA-4 inhibitor by subcutaneous injection. in. viv- 



C - 

day 
~j — 
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inhibition of cell adhesion-associated inflammation is 
assessed by measuring the ear swelling response of the 
animal in the treated versus untreated ear. Swelling is 
measured using calipers or other suitable instrument to 
measure ear thickness. In this manner, one may identify 
those inhibitors of this invention which are best suited 
for inhibiting inflammation. 

Another In iivo. assay that may be employed to 
test the inhibitors of this invention is the sheep asthma 
assay. This assay is performed essentially as described 
in W. M . Abraham et ai., "o-Integrins Mediate Antigen- 
induced Late Bronchial Responses and Prolonged Airway 
Hyperresponsiveness in Sheep", J. riin T r „^- 93 _ 
776-87 (1994), the disclosure of which is herein 
incorporated by reference. This assay measures 
inhibition cf Ascaris antigen- induced late phase airway 
responses and airway hyperresponsiveness m asthmatic 
sheep . 

The compounds cf the present invention rr.av c-e 
usee in the fcrrr. of pharmaceutical"^ acceptable salts 
derived from inorganic or organic acids and cases. 
Included among such acid salts are the following 
acetate, adipate, alginate, aspartate, benzoate, 
benzenesulf onate, bisulfate, butyrate, citrate, 
camphorate, camphorsuif onate, cyclopentanepropionate , 
digluconate, dodecylsul f ate, ethanesuifonate, fumarate, 
glucoheptanoate, glycerophosphate, hemisulfate, 
heptanoate, hexanoate, hydrochloride, hydrobromide , 
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, 
methanesulfonate, 2-naphthalenesulf onate, nicotinate, 
oxalate, pamoate, pectinate, persulfate, 3-phenyl- 
propionate, picrate, pivalate, propionate, succinate, 
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tartrate, thiocyanate, tosylate and undecanoate. Base 
salts include ammonium salts, alkali metal salts, such e 
sodium and potassium salts, alkaline earth metal salts, 
such as calcium and magnesium salts, salts with organic 
bases, such as dicyclohexylamine salts, N-methyl-D- 
glucamine, tris (hydroxymethyl , methylamine and salts with 
amino acids such as argmine, lysine, and so forth. 
Also, the basic nitrogen-containing groups can be 
quaternized with such agents as lower alkyl halides, sue 
as methyl, ethyl, propyl, and butyl chloride, bromides 
and iodides; dialkyl sulfates, such as dimethyl, diethyl 
dibutyl and diamyl sulfates, long chain halides such as 
decyl, lauryl, myristyl and stearyl chlorides, bromides 
and iodides, aralkyl halides, such as benzyl and 
phenethyl bromides and others. Water or oil-soluble or 
dispersible products are thereby obtained. 

The compounds of the present invention may be 
formulated into pharmaceutical compositions that mav be 
administered orally, parenteral!;/, by ir.halacicr. scrav. 
topically, rectally, nasally, buccally, vaginally cr v;a 
an implanted reservoir. The term "parenteral" as used 
herein includes subcutaneous, intravenous, intramuscular, 
intra-articular, intra-synovial , intrasternal , 
intrathecal, intrahepatic, intraiesional and intracranial 
injection or infusion techniques. 

The pharmaceutical compositions of this 
invention comprise any of the compounds of the present 
invention, or pharmaceutical^ acceptable derivatives 
thereof, together with any pharmaceutical^ acceptable 
carrier. The term "carrier" as used herein includes 
acceptable adjuvants and vehicles. Pharmaceutical ly 
acceptable carriers that may be used in the 
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pharmaceutical compositions of this invention include, 
but are not limited to, ion exchangers, alumina, aluminum 
stearate, lecithin, serum proteins, such as human serum 
albumin, buffer substances such as phosphates, glycine, 
sorbic acid, potassium sorbate, partial glyceride 
mixtures of saturated vegetable fatty acids, water, salts 
or electrolytes, such as protamine sulfate, disodium 
hydrogen phosphate, potassium hydrogen phosphate, sodium 
chloride, zinc salts, colloidal silica, magnesium ' 
trisilicate, polyvinyl pyrrolidone, cellulose-based 
substances, polyethylene glycol, sodium 
carboxymethylcellulose, polyacrylates, waxes, 
polyethylene-polyoxypropyleno-block polymers, 
polyethylene glycol and wool fat. 

According to this invention, the pharmaceutical 
compositions may be in the form of a sterile injectable 
preparation, for example a sterile injectable aaueous o^ 
oleaginous suspension. This suspension may be formulated 
according to techniques known :n the art using suitable 
dispersing or wetting agents and suspending agents. The 
sterile injectable preparation may also be a sterile 
injectable solution or suspension in a non-toxic 
parenterally-acceptable diluent or solvent, for example 
as a solution in 1 , 3-butanediol . Among the acceptable 
vehicles and solvents that may be employed are water, 
Ringer'* solution and isotonic sodium chloride solution. 
In addition, sterile, fixed oils are conventionally 
employed as a solvent or suspending medium. For this 
purpose, any bland fixed oil may be employed including 
synthetic mono- or di-glycerides . Fatty acids, such as 
oleic acid and its glyceride derivatives are useful in 
the preparation of injectables, as do natural 
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pharmaceutically-acceptable oils, such as olive oil or 
castor oil, especially in their poiyoxyethylateci 
versions. These oil solutions or suspensions may also 
contain a long-chain alcohol diluent or dispersanc, sue- 
as Eh^. Helv or similar alcohol. 

The pharmaceutical compositions of th<s 
invention may be orally administered in any oral'y 
acceptable dosage form including, but not limited to, 
capsules, tablets, aqueous suspensions or solutions 
In the case of tablets for oral use, carriers which are 
commonly used include lactose and corn stare- 
Lubricating agents, such-as magnesium stearate, a^e a^- 
typically added. Fcr oral administration in a caosu'e " 
form, useful diluents ' include lactose and dried „rr 
starch. when aqueous suspensions are required fcr era- 
use, the active ingredient is combined with emulsify!-' 

and suspending agents. If de«ire- ~o~-*.r> e 

^^--le^, ~ e r w a _ n sweeter, i r. 3 

flavoring cr coloring agents ir.ay also be adoed. 
Aiterr.e::-.-?'-- -■-.=. 



.5 ir.venticr, r. = y be adr.ir.i s tere 



suppositories fcr rectal adm.i r.i s t ra 1 1 or. . These oar. 
prepared by mixing tr.e agent with a suitable r.cn- 
irritating excipient which is solid at roc*. :s SD -a-c 
but liquid at the rectal temperature and therefore w_— 
meit.m the rectum to release the drug. Such -rat—a'* 
include cocoa butter, beeswax and polyethylene glycols" 

The pharmaceutical compositions of this 
invention may also be administered topically, especial-- 
when the target of treatment includes areas or organs 
readily accessible by topical application, including 
diseases of the eye, the skin, or the lower intestinal 
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tract. Suitable topical formulations are readily 
prepared for each of these areas or organs. 

Topical application for the lower intestinal 
tract can be effected in a rectal suppository formulatio: 
(see above) or in a suitable enema formulation. 
Topically-transdermal patches may also be used. 

For topical applications, the pharmaceutical ' 
compositions may be formulated in a suitable ointment 
containing the active component suspended or dissolved ^ 
one or more carriers. Carriers for topical 
administration of the compounds of this invention 
include, but are not limited to, mineral oil, iicuid 
petrolatum, white petrolatum, propylene glycol, 
polyoxyethylene, polyoxypropylene compound! emulsifvm- 
15 wax and water. Alternatively, the pharmaceutical 

compositions can be formulated m a suitable lotion or 
cream containing the active components suspended cr ~" 
dissolved m one cr more pharmaceutical ly accectacle 
carriers. Suitable carriers include, cut are r.z t " 1 1 r. ; - ~ , 
tc, mineral c:i, « ~ , r - n _ . . . , 

cetyi esters wax, cetearyl alcohol. 2 -c = t yl dodecar.c. „ 
benzyl alcohol and water. 

For ophthalmic use, the pharmaceutical 
compositions may be formulated as micrcr.ized suspens.cn. ' 
25 in isotonic, pH adjusted sterile saline, cr, prefer at .-. . 

as solutions ir. isotonic, pK adjusted sterile saline, 
either with our without a preservative such as 
benzylalkonium chloride. Alternatively, for ophthaimir 
uses, the pharmaceutical compositions may be formulate; 
in an ointment such as petrolatum. 

The pharmaceutical compositions of this 
invention may also -be administered by nasal aerosol or 



30 
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inhalation through the use of a nebulizer, a dry powder 
inhaler or a metered dose inhaler. Such compositions are 
prepared according to techniques well-known in the art of 
pharmaceutical formulation and may be prepared as 
solutions in saline, employing benzyl alcohol or other 
suitable preservatives, absorption promoters to enhance 
bioavailability, f luorocarbons, and/or other conventional 
solubilizing or dispersing agents. 

The amount of active ingredient that may be 
combined with the carrier materials to produce a single 
dosage form will vary depending upor. the host treated, 
and the particular mode of administration. it should be ' 
understood, however, that a specific dosage and treatment 
regimen for any particular patient will depend upon a 
15 variety of factors, including the activity of the 

specific compound employed, the age, tody weight, general 
health, sex, diet, time of administration, rate of 
excretion, drug combination, and the judgment of the 
treating physician and the severity cf the particular 
disease being treated. The amount cf active ingredient 
may also depend upon the therapeutic cr prophylactic 
agent, if any, with which the ingredient is co- 
administered. 

The dosage and dose rate cf the compounds of 
this invention effective to prevent, suppress or inhibit 
cell adhesion will depend on a variety of factors, such 
as the nature of the inhibitor, the size of the patient, 
the goal of the treatment, the nature of the pathology to 
be treated, the specific pharmaceutical composition used, 
and the judgment of the treating physician. Dosage 
levels of between about 0.001 and about 100 mg/kg body 
weight per day, preferably between about 0.1 and about 



20 
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10 mg/kg body weight per day of the active ingredient 
compound are useful. 

According to another embodiment compositions 
contains a compound of this invention may also compose 
an additional agent selected from the group consisting o- 
corticosteroids, bronchodilators, antiasthmatics (mast 
cell stabilizers,, antiinflammatories, antirheumatics 
immunosuppressants, antimetabolites, immunonodulators ' 
ar.tipsoriatics and antidiabetics. Specific compounds' 
within each of these classes may be selected from any o* 
tnose listed under the appropriate group headings in 
"Comprehensive Medicinal Chemistry", Pergamon P^ess 
Oxford, England, pp. 970-986 (199C;, the disclosure ' o f 
wr.ich is herein incorporated by reference. Also -n-ud-^ 
within this group are compounds such as theophylline, 
sulfasalazine and aminosalicylates iantur.f iammato- e- • 
cyclosporin, FK-506, and rapamycir. ( ^unosuocressa- - s • 
cyclophosphamide and methotrexate : an t imetabc 1 i tes ; a ^ 
interferons : immunomcdulators . . 



30 



According tc other emr-.2imer.ts, the invent 
methods for preventing, inhibiting cr 

suppress: 



pressing cell adhesion-associated :nf laminae ior a- 
cell adhesion-associated immune or autoimmune response 
V-^-associated cell adhesion plays a central role n a 
variety of inflammation, immune and autoimmune disease* 
Tr.us, inhibition of ceil adhesion by the compounds c * 
tr.is invention may be utilized in methods of creatino ^ 
preventing inflammatory, immune and autoimmune disease* 
Preferably the diseases to be treated with the method* c * 
tr.is invention are selected from asthma, arthritis, 
psoriasis, transplantation rejection, multiple sclerosis, 
aiaoetes and inflammatory bowel disease. 
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These methods may employ the compounds of this 
invention in a monotherapy or in combination with an 
anti-inflammatory or immunosuppressive agent. Such 
combination therapies include administration of the 
agents in a single dosage form or in multiple dosage 
forms administered at the same time or at different 
times. 

In order that this invention may be more fully 
understood, the following examples are set forth. These 
examples are for the purpose cf illustration only and are 
not to be construed as limiting the scope cf the 
invention in any way. 



EXAMPLES 

GENERAL PROCEDURES FOR AMIDE BOND FORMATION IN SOLUTION: 

???~pr;=- l. couclir.: with Z--Z "r.Zz.z 

A solution cf carbcxyl : c arid ! 1 . 2 ec . _r. 
at 0°C was treated with H037 :l.6 eq. and EDZ e=. 
The mixture was stirred at 0°C for 1 :c 2 h and then tr<-' 
free amine (1.0 eq., neutralized with TEA or DIPE.h w=s 
added. After stirring at RT fcr more than 3 h, the 
reaction mixture was diluted with ethyl acetate, washer 
with water (IX), 5% aqueous citric acid C2X), sat. NaHT: 
(2X), and brine (IX), dried (Na ; SO, or MgSO.), and 
concentrated in vacuo. 
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PROCEED F P : coupling using activated ester (N- 
hydroxysuccinate or chloride) 

A solution of free amine (1-1.2 eg. , neutralized 
with TEA or DIPEA) in CH,C1, was treated with activated 
ester or acyl halide (1 eg., at 0 "c or RT. After 
stirring at RT for over 1 h, the reaction mixture was 
washed with 51 aqueous citric acid (2X>, sat. NaHCO <2>" 
and brine (IX), dried (Na,SO< or MgS0 4 , , and concentrated ' 



-in vacuo, 



GENERAL PROCEDURE FOR UREA FORMATION IN SOLUTION: 

PROCTP^r p .- formation of urea with isocyanate and 



amine 



A solution of amine (1 eg.) and TEA C eq 
CH : Ci : was treated with an isocyanate (1 eg.! and was 
stirred at R7 for over C . 5 h. After concentration •• 
vacuo, the product was either used as is or purified 
chromatography. 

GENERAL PROCEDURES FOR DE PROTECT I ON IN SOLUTION: 

rP-QCS^TPr r- : rSMV =i cf BZZ with 7 FA 



A solution of t3u07 jo; NH-.= iwnere R 



optionally substituted with any number cf suitable 
functional groups) in CH,C1- at 0 °c was treated wit* 
trifiuoroacetic acid. The reaction was allowed to^a 
to RT and stirred for 1 to 2 h. After concentration 
vacuo the resulting amir.e/TFA salt was stored and 
neutralized with TEA or DIPEA prior to use. 

PROCF.PTTRF; f : removal of BOC with HC1 
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A solution of tBuOC(0)NH-R (where R is alkyl 
optionally substituted with any number of suitable 
functional groups) in dioxane at 0 °C was treated with 4N 
HC1 in dioxane. The reaction was allowed to warm to RT 
and stirred for 1 to 2 h. After concentration in vacuo 
the resulting amine/HCl salt was stored and neutralized 
with TEA or DIPEA prior to use. 

PPOCEDirFF F: hydrogenation 

A mixture of starting material and 10% Pd/C in 
methane:, water, ethyl acetate, and/or DMF was vigorously 
stirred under hydrogen (40 to 50 psi) for more than 2 h 
at RT. The resulting mixture was filtered through a pluc 
cf Celite and the filtrate concentrated in vacuo. 



GENERAL PROCEDURES FOR AMIDE BOND FORMATION ON SOLID 
SUPPORT : 

r P ■ n ' . , ~ ^ u : c c ;_; p i i r. c with Z ZZ 'HOE' 



A mixture cf resir. ,see below for preparation, 
cf res:.-. MCB 2 ;., t3uOC (Ci NH-AA.-CO H (where AA is an ar.'-inr 
acid cr functional equivalent! or ~. - CO H (10 eq.;, HC5t 
(10 eq. , DCC (10 eq) and N-rnethylmcrphcl me (3 eq) ir. 

NMP was shaken for over C =• u »i- p- tk=, 

^ v, = i at Ki. The resin was ther. 

wa-shed with NMP (2X) and CK,C1. (3X). 

PBQCEPPgf M : displacement from resin with amine 

A mixture of resin and amine (xs) in DMF was 
shaken for 6 h at RT. The resin was then washed with 
methanol (3X) and the combined solutions concentrated in 
vacuo. 
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GENERAL PROCEDURES FOR DE PROTE C T I ON ON SOLID SUPPORT: 

PRQCEPlffiF, T : removal of 30C with TFA/CH 2 C1 ? 

A mixture of resin and 50% TFA/CH 2 C1, was shaken 
for over 0.5 h at RT. The resin was then washed with 
CH 2 C1, (2X), isopropanol (IX), and CH 2 C1, (3X). 

PRQCEP^RF, ,7: KF with scavengers 

The protected product was treated with HF a- 
-10 to 0 - C for over 1 . 5 h in the presence of anisoie or 
thioanisole as scavenger. The HF was removed with a 
stream of N- at 0 °c. 



Exa^piP i 

SYNTHESIS OF COMMON INTERMEDIATES 

Sucs i iy-Hvl l-Twlnoiin^^ v , hre |.-n n .^c.., . 

A solution of 3-isoquir.ciinecarboxylic a~id 
C2 eq.) in DMF at o <c was treated with EDC ec : 

The -ixture was stirred at C C C for 1 t= 2 h an d then K - 
i.v-.wX_. s-v.:;r.:r.:3e •; 1 . 0 eq . • was added. After s~ l - 
. ::r -ere tr.ar. 2 the reaction mixture was ceur- 
- r -y £: sat. NaHCO. and the product filtered: H NMF. 

:cr::., 5:0 mh-, ppm , 9.35 (S , if.-., e.c7 (s , 1Hi/ d C9 . 

"•36 (m, 1H), 7.82 (m, 2K) , 2 . 9<5 :s. 4H). 



i n 



A solution of 2-qumoline carboxylic acid (i 2 
eq.) ir. DMF at 0 "C was treated with EDC (1.4 eq.,. The 
mixture was stirred at 0 "C for 1 to 2 h and then n- 
hycroxysuccinimide (1.0 eq.) was added. After stirring 
at RT for more than 3 h, the reaction mixture was poured 
into 60* sat. NaHCO, and the product filtered: » H NMR 
(CDCl Jf 300 MHz, ppm) 8.35 (d, 1H, , 8.27 ( d , 1H) , 8.19 (d 
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1H), 7.87 (d, 1H), 7.80 (m, 1H) , 7.68 (m, 1H) , 2.91 (s, 
4H) . 

Methvl 4-IsnrvanatophPnvlarPfafP fftfl ) • 

A well-stirred cold solution of methyl p- 
aminophenylacetate (9.8 g, 59.4 mmol) in CH 2 C1 2 (200 mL) 
and TEA (25 mL, 18 g, 178.2 mmol) was treated with C0C1 2 
(96 mL of 1.9 M solution in toluene) over 1 h. The 
reaction mixture was stirred at 0 °C for an additional 1 
h. The reaction mixture was concentrated and 3:1 
ether/pet ether (12 5mL) was added. The mixture was ' 
filtered and the filtrate concentrated to give KC1 as a 
brown liquid. The crude product was purified by 
distillation (118-120 °C/1.0mm) to afford pure KC1 (8.5 
g, 75%) as a colorless liquid: H NMR (CDC1 3 , 300 MHz, 
ppm) 7.20 (d, J = 8.4 Hz), 7.C2 Id, J = 8.4 Hz), 3.69 (s, 
3H) , 3.48 (s, 2H) . 

4-Phenvl ureid^phenvi arp> i ~ ar^. 

4-Phenylureidopher.yiacecic acid was prepared 
using procedure C with 4-air.ino-p.^enylacetic acid and 
phenyl isocyanate: S H NMR (CD.SOCI;., 30C MHz, pprr.) 8.72- 
8.64 (m, 2H) , 7.44 (d, 2H) , 7.36 !d, 2H; , 7.28 (d, 2H) , 
7.16 <d, 2H), 6.96 (t, 1H) , 3.52 (s, 2K); m/ z 272. 

4-O-Tolvlureidopher.vlarpri r *r\ft- 

4-o-Tolylureidophenylacetic acid was prepared 
using procedure C with 4-amino-phenylacetic acid and o- 
tolyl isocyanate: *H NMR (CD,S0CD Jf 300 MHz, ppm) 8.97 
(s, 1H) , 7.88 (s, 1H) , 7.83 <d, 1H) , 7.38 (d, 2H) , 7.17- 
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7.09 (» f 4H>, 6.92 (t, 1H, , 3.48 (s, 2H , , 2.23 <s, 3H, ; 
m/z 285. 

. 4- (2-riiiQrQPhpnvl)nrpiH^ a n v i areHr 

4-(2-riuorophenyl)ur e idophenyIacetic acid was 
prepared using procedure C with 2-f luoroaniline and KC1 ■ 
'H NMR (CD ? SOCD v 300 MHz, pp m , 9.00 <s, 1H),8.51 (d 2 4 
H2..1H), 8.14 <dd, 8.3 Hz, 1.5 Hz, 1H, , 7.37 (d , 8 5 Hz 
2H), 7.07-7.25 (m, 4H) , 6.99 <m, 1H) , 3.48 ( S , 2H) . 

4-(2-Hydroxyphenylureido) P her.ylacetic acid was 
prepared using procedure C with 2-hydroxvaniline a^d ^ 
•H NMR (CD.SOCD;, 300 MHz , ppm, 9.90 (s, 1H,,9.25 (s 1 H ) 
8-12 ( S ,1H), 8. 02 (bd, 1H), 7.37 (d , 2H>, 7.13 (d, 2KS, 
6.70-6.97 ;rr ., 3 H ), 3.49 (s> 2 H) . 




ree steps as fellows: 

Procedure C with 2-s-m'-j— c 

s, " in - J " e --w -P.- name ar.a 

KC1 t 0 gxve methyl 4- i2- • 3-metr.yipyridvl - 
ureido) phenylacetate . 

A solution of methyl 4-;2-(3- 
methylpyridyiureido)phenylacetate (1 eq.) m methanol 
W35 treace d with 1 N NaOH (2 eq.). The reaction was 
stirred for 16 h, then acidified carefully with 1 N HC 
to P H 7 then with acetic acid to pH 3 . ■ The product wis 
filtered and washed with methanol then ether to give 4- 
(2-(3-methylpy r idylureido)phenylacetic acid: »h NMR 
(CD,SOCD 3 , 300 MHz, ppm) 11.97 (s , iH ) , 8.64 (brs, IK), 
8.31 (s, IH), 7.69 (m, IH) , 7.62 (d, 8.4 Hz, 2H) ,' 7.33 
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(d, 8.4 Hz, 2H), 7.09 (m, IK) , 3.62 ( S/ 2H) , 2.38 (s 
3H) ; m/z 286. 

A solution of 4-(2-(3- 
methylpyridylureido)phenylacetic acid (1 eq.), N - 
hydroxysuccinimide (1.2 eq. ) and EDC (1.2 eq.l in DMF was 
made basic (pH 10) with TEA . After stirring at RT for 
over 12 h, the reaction was poured into 60% sat. NaHCO 
and the product filtered: 'h NMR (CD,S0CD 3 , 300 MHz, ppm, 
12.04 (s, 1H), 8.84 (s, 1H, , 8.31 (s , 1H, , 7 . 7 2 <m, 3H, , 
7.42 (m, 2H), 7.10 ( m, 1H) , 4.18 (s, 2H, , 2.98 (3, 4H, , 
2.3 8 (s, 3H) ; m/z 38 3. 

N-Snrrir'tt i dyi ^-f^vn^)nr fl ; rio , nhoqY| rc . n> ., 
Prepared in three steps as follows: 

Procedure C with 2-aminopyridine and KCl to 
give methyl 4- (2-pyridylureido, phenylacetace : "-H NMR 
(CDCi,, 300 MHz, ppm) 8.20 (s, 2H) , 7.62-7.51 !ir ., 3 »; 
'•33 !d, 2HJ. 7. 01 (d, 2H), £-.89-6.65 l Hl ,7 i r," ' s 

3H) , 3.59 ; S , 2Hj . 

A solution cf methyl 4-;2- 
Pvridyiureidciphenylacetate (5.^ c, 20.0 nunc:,- ir. 
methane! .'20 mL> was treated with 1 >,' NaOH (40 mL! . th, 
reaction was stirred for 16 h, then acidified carefully" 
with 1 N KCl to pH 7 then with acetic acid to pH 3 . Th^ 
product was filtered and washed with methanol then ether 
to give 4-(2-pyridyl)ureidophenylacetic acid (4.7 g, 
87%, as 5 white powder: > H NMR <CD ? SOCD„ 300 MHz , ppm) 
10.62 (bs, 1H), 9.53 (bs, 1H) , 8.39 (d, 1H) , 7.82 (t, 
1H), 7.63-7.55 (m, 1H) , 7.33-7.27 (d , 2H ), 7 . 1 4-7 . 08 ' (rr 
1H), 3.62 (s, 3H) . 

A solution of 4-(2-pyridyl)ureidophenylacetic 
acid (1 eq.), N-hydroxysuccinimide (1.2 eq.) and EDC (1.2 
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eq.) in DMF was made basic (pH 10) with TEA. After 
stirring at RT for over 12 h, the reaction was poured 
into 60% sat. NaHC0 3 and the product filtered: 'H NMR 
(CD 3 SOCD 3 , 300 MHz, ppm) 10.08 (s, 1H) , 9.57 ( S , 1H) 8 
(m, 1H), 7.86 (m, 1H) , 7.62 (m, 3H) , 7.38 <d, 2H) 7 i 2 
<m, 1H), 4.15 ( S , 2H), 2.91 <s, 4H) ; m/z 369. 

. 3-Metho^v-4-rhenv1 u^p i rt^ph-n vl ar . At . 1 _ ^ . 

Prepared in six steps from 3-methoxy-4-r.i trobenzoic acid 
as follows: 

A mixture of 3-methoxy-4-ni trobenzoic acid 
(2.01 g, 10.2 mmol) and thionyl chloride (2 3 mL 31 = 
mmol) was stirred at 80-90 "C for 1.5 h. The rea-io-" " 
was concentrated and the residue diluted with ether ^he 
organic solution was washed with sat. aa. NaHCO, (2 X> 
h ; C, then sat. aq. NaCI, dried (MgSO. , and concentrate- - 
afford 3-methoxy-4-nitrober.2oyl chloride (1.92 g, 87"- ac 
a white solid: •-: NMR (CDC13, 300 MHz, ppm) 7.95-7.7- ir " 
3H; , 4 . 06 (s, 3H) . 

A cold (C °C; solution cf TM3CHN !2 M in 
hexane. 1.5 mL, 3.0 mmol) and tnethyiamir.e (420 pL, '" 
nvir.cl; was treated with a solution of 3-methoxv-4- 
mtrobenzoyl chloride (0. 52 g, 2.4 mmol) m acetcmt—e 
<£•=> mL). The reaction was stirred at 0 "C for 24 h a- 
then concentrated. The residue was slurried with sat 
ac. NaHC0_. and the mixture extracted with ether (3X) -n e 
combined ether washes were washed with water, then sa- 
aq. NaCl, dried (MgSOJ and concentrated to afford t>- 
diazo-3-methoxy-4-nitroacetophenone (0.53 g, 100%) as a 
yellow foam: <H NMR ( C DC1„ 300 MHz, ppm, 7.88 (d, 10 Hz 
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1H), 7.61 (s, 1H), 7.27 (d, 10 Hz, 1H) , 5.97 <s, 1H) , 
4.02 (s, 3H) . 

A refluxing solution of w-diazo-3-methoxy-4- 
nitroacetophenone (7.95 g, 35.9 mmol) in t-BuOH (100 mL) 
was treated with a filtered solution of silver benzoate 
(2.50 g, 10.9 mmol) in triethylamine (15 mL) dropwise 
over 1 h. After refluxing for 45 min, decolorizing 
carbon was added and the hot mixture filtered through a 
pad of Celite. The filtrate was concentrated and the 
residue diluted with ethyl acetate. The organic solution 
was washed with 5% aq. NaHC0 3 (2 X), k o, 5% aq. citric 
acid, H 2 0, then sat. aq. NaCl, dried (MgSOJ and 
concentrated to afford t-butyl 3-methoxy-4- 
nitrophenylacetate (8.92 g, 931) as a brown oil: 4i NMR 
(CDC1 3 , 300 MHz, ppm) 7.83 (d, 8.3 Hz, 1H) , 7.03 (s, IK), 
6.93 (d, 8.3Hz, 1H), 3.97 ( S , 3H), 3.58 (s, 2H), i.45 
(s, 9H) . 

A mixture of t-butyi 3-methcxy-4- 
mtrophenylacetate (C.144 g, 0 . 539- rjr.c 1 ; and 10% Pd on 
carbon (0.155 g) in ethyl acetate (6 nl) and methanol :2 
mL) was stirred under H- (40-60 psi: :cr 2 p.. The mixture 
was filtered through Celite and the filtrate concentrated 
to afford t-butyl 4-amino-3-methoxyphenyiacetate (0.123 
g, 96%) as a light yellow oil: »h NNP (CDCIj, 300 KHz, 
ppm) 6.70 (m, 3H), 4.04 (bs, 2H), 3.84 (s, 3H), 3.42 (s, 
2H) , 1 .43 (s, 9H) . 

Procedure C with t-butyl 4-amino-3- 
methoxyphenylacetate and phenyl isocyanate gave t-butyl 
3-methoxy-4-phenylureidophenylacetate: 'H NMR (CDCIj, 300 
MHz, ppm) 8.00 (d, 11 Hz, 1H) 7.65-6.94 (m, 7H) , 6.80 (d, 
9.0 Hz, 1H), 6.74 (S, 1H), 3.68 (s, 3H) , 3.45 (s, 2H) , 
1.44 (s, 9H) . 
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A solution of t-butyl 3-methoxy-4- 
phenylureidophenylacetate (0.108 g, 0.303 mmol) in 
trifluoroacetic acid (5.0 mL) was stirred for 30 min. 
The reaction was concentrated and the residue 
coevaporated with methylene chloride (2X) then ether to 
afford 3-methoxy-4-phenylureidophenylacetic acid (0.090 
g, 99%) as a white foam: > H NMR (CD.,S0CD 3 , 300 MHz, ppm) 
9.28 (S,1H), 8.18 ( s , 1H), 8.02 <d, 7.5 Hz, 1H) , 7.58- 
7.15 (», 5H), 6.91 (bm, 2H) , 6.77 (d , 7.5 Hz, 1H) , 3.85 
(S, 3H) , 3.49 (s, 2H) . 

N-Sw - crriniridvl i-^rhn XV .4-nH 0 . Y », irpiH onh 6r „ r . rr .. 

A solution of 3-methoxy-4- 
phenylureidophenylacetic acid (1 eq.) in DMF at C 6 c was 
treated with EDC (1.1 eq.). The mixture was stirred at 0 
°C for 1 to 2 h and then N-hydroxysuccinimide (1.1 eq.) 
was added. After stirring at RT for more char. 3 h, the 
reaction mixture was poured ir.so 60= sat. NaHCO. and the 
N-succinimidyi 3-rr.e thcxy- 4 -phenyl ur e i dcpr.en- •: acet a te 
f i 1 tered . 



N-Surri r.imi Hyf 6- ; ?-m a «- hoxy- 1-^- 
tQlvlurpidolnyriHylarprat*. 

Prepared in six. steps from 2, 6-dichloro-3-nitropyridine 
as. follows : 

A slurry of 2 , 6-dichloro-3-ni tropyridine (92L, 
9.9 g, 47 mmol) and K,C0 3 powder (6.5 g, 4 7 mmol) in 
methanol (100 mL) was stirred for a week at RT. The 
reaction was filtered and concentrated. The residue was 
partitioned in. ethyl acetate and 60% sat. aq. NaHCC ; . . The 
organic solution was washed with 60% sat. aq. NaHCoj '.(2X ) , 
H 2 0, then sat. aq. NaCl, dried (MgSOJ and concentrated to 
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afford 2-chloro-6-methoxy-5-nitropyridine and 2-chloro-6- 
methoxy-3-nitropyridine (8.9 g, 100S) as a light yellow 
solid: : H NMR <CDC1„ 300 MHz , ppm) 8.31 (d, 8.3 Hz, 1H) 
8.28 (d, 8.9 Hz, 1H), 7.10 (d, 8.3 Hz, 1H) , 6.82 (d,' 8. 9 ' 
Hz, 1H), 4.15 (s, 3H) , 4.06 (s, 3H) . 

A mixture of 2-chloro-6-methoxy-5-nitropyridine 
and 2-chloro-6-methoxy-3-nitropyridine (8.9 g, 47 mmol), 
t-butyl methyl malonate (10 mL, 60 nunol J, and NaH (95%,' 
3.1 g, 120 nunol) in THF (250 mL) was stirred at RT for'24 
h. The reaction was concentrated and the residue treated 
with trifiuoroacetic acxd (200 mL) for 2 h. The reaction 
was concentrated and the product separated by flash 
chromatography (silica gel, 95:5 hexane-ethyl acetate) to 
afford methyl 6- (2-methoxy-3-nitro) pyridylacetate (3.3 g, 
621) as a yellow oil: '- H NMR (CDC1 3 , 300 MHz , ppm) 6.2"" 
<d, 6.0 K=, 1H), 7.04 (d, 8.0 Hz, 1K, ( 4.09 (s, 3H;, 3 . e =• 
(s, 2H) , 3.75 is. 3H) . 

A mixture cf methyl 6- ( 2 -methcxy- 3- 



ni trc 1 pyridyi acetate •: It. 04" a. 



. - -. rune., and 10' c r. 

carbcr= ;:.0c3 g> in ethyl acetate -2 mL, and etnancl (2 
mL> was stirred under H. ; 4 0-50 psis for 6 h . The rr.ixtu-- 
was filtered through Ceir.e and the filtrate concentrated 
to afford methyl 6- ( 2-methoxy- 3-amino , pyridylacetate 
(0.041 g, 100>). as a light yellow oil: : H NMR (CDC1., 30G 
MHz, ppm: 6.82 (d, 7.6 Hz, IK), 6.65 (d, 7.6 Hz, 1H) , 
3.94 (s, 3H), 3.70 (s, 3H), 3.65 (s, 2Hi . 

Procedure C with methyl 6- ( 2-methoxy- 3- 
amino) pyridylacetate and c-tolyi isocyanate to give 
methyl 6- :2-methoxy-3-o-tolylureido) pyridylacetate : >H 
NMR (CDCi ; , 300 MHz, ppm) 8.33 (d, 7.9 Hz, 1H), 7.51 (d, 
7.8 Hz, iH), 7.41 (s, 1H), 7.17 (m, 2K) , 7.08 (m, 2H) , 
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6.77 ( d , 7.9 HZ, 1H), 3.81 ( s , 3H) , 3.71 ( S , 3H) , 3.67 
(s, 2H) , 2.20 (s, 3H) . 

A solution of methyl 6- (2-methoxy-3-o- 
tolylureido)pyridylacetate (0.023 g, 0.070 mmol) in 
methanol (1.0 mL) was treated with 2 M LiOH (90 U L, 0.18 
mmol). The reaction was stirred for 18 h, diluted with 
H 2 0 (5.0 mL) and washed with ether (2X) . The aqueous 
solution was then acidified with 5% aq. citric acid. The 
product was filtered and washed with H,0 then ether to 
give 6-(2-methoxy-3-o-tolylureido)pyr 1 dylacetic acid 
(0.C14 g, 64=) as a white solid: -H NMR (CD,OD, 300 MH:, 
pprr.- 6.50-8.25 <m, 3H) , 7.60 (bd, 1H) ,' 7.28-7. 00 <rr., 3H.'. 
4.01 <s, 3H), 3.69 (s, 2K), 2.30 (s, 3H); MS, m/z 316. 

A solution of 6- (2-methcxy-3-o- 
tolylureidojpyridylacetic acid (1.6i g, 5.10 nuacH in Dl-'.T 
at C °C was treated with EDC (1.00 g, 5.2 mmol;. The 
mixture was stirred at 0 °C fcr 1 to -2 h and tner. N- 
hy=r:-xysuccinimide (0.6C g, 5.2 mmc 1 • was added. After 
stirring at RT fcr more than 3 h, tne reaction rr.ix-j-e 
was poured into 60- sat. NaHCC. and the K-succir.ir.i dyl i- 
•:2-.- = thcxy-3-c-toiylureido)pyridylacetate filtered. 

H-L- — C r . '' V-HHr'r ■ 

H-LD (OBn ) V-NHCH, was prepared by sequential: v 
us.ir.= .procedure B with BOC-Val-OSu and methylamme, 
procedure D, procedure B with BOC-Asp ( OBn ) -OSu , procedure 
D, procedure B with BOC-Leu-OSu, then procedure D. 

H-ir -r)RDV-pr^ • 

H-Lr:0Bn)V-0CH ? was prepared by sequentially using 
procedure B with BOC-Asp (OBn ) -OSu and H-Val-OMe, 
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procedure D, procedure B with BOC-Leu-OSu, then procedure 

H-LDf(-)Rn>V-nR n . 

H-LD(OBn) V-OBn was prepared by sequentially 
using procedure B with BOC-Asp (OBn) -0Su and H-Val-OBn, 
procedure D, procedure B with SOC-Leu-OSu, then procedure 
D. 

H-LDrr>RnlVP- 0 p n . 

H-LD(OBn) VP-OBn was prepared by sequentially 
using procedure B with BOC-Vai-OSu and H-Pro-OBn, 
procedure D, procedure B with BOC-Asp (OBn) -OSu, procedure 
D, procedure B with BOC-Leu-OSu, then procedure D. 

H-LnfOqn)V?-OMp- 

K-LD(OBn) V?-OMe was prepare: by sequentially 
using procedure A with BOC-Vai-OH and H-Pro-OMe, 
procedure D, procedure B w: th 5CC- Asp ( OBn ) -OSu , procedure 
D, procedure B with BOC-Leu-OS-, then procedure D. 

K-LSVP-nv- 

K-LDVP-OH was prepared by sequentially using 
procedure B with BOC-Val-OSu and K-?rc-OBn, procedure D, 
procedure B with BOC-Asp (OBn) -OSu, procedure D, procedure 
B with BOC-Leu-OSu, procedure F, then procedure D. 

H-MPfORnlVP-ORn. 

H-MD (OBn) VP-OBn was prepared by sequentially 
using procedure B with BOC-Val-OSu and H-Pro-OBn, 
procedure D, procedure B with BOC-Asp (OBn) -OSu, procedure 
D, procedure B with BOC-Met-OSu, then procedure D. 
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H-LD (ORn ) yp-p- n - ■ 

H-LD(OBn)VP-NH ; was prepared by sequentially 
using procedure B with BOC-Val-OSu and H-Pro— NH 2# 
procedure D, procedure B with BOC-Asp (OBn) -0Su, procedu 
D, procedure B with BOC-Leu-OSu, then procedure D. 

Resin fMnr-p. 

Modified resin MBC1 (0.437 nunol/g) was 
synthesized according to the literature procedure ( see : 
Richter, L.S., et al . , Tetr.^.., , — 35> p> 5547 
(1994)). MBCi was treated with 50 7FA/CK CI and 
triethylsilane for 2 h at R? then washed with CH CI <2X; 
isopropanol CXI, and CH r Ci ; (3X) before use. 

MB TP : 

MEC2 was prepared by sequentially usinc 
procedure G with BOC-Asp (OBr. . -CK. procedure procedure 
G with BOC-Lej-CK, procedure :, tner. procedure G 'with A 
P h e r. • : ■ i u r e i d c p r. e .-. y I a c e 1 1 c acid.. 



M3C3 was prepared by sequer. 1 1 a 1 i v using 
procedure G with BOC-Val-OK, procedure I, procedure G 
with BOC-Asp (03r. ) -OH, procedure I, procedure G with BOC 
Leu-OH, procedure I, then procedure G with 4- 
phenylureidopher.ylacetic acid. 

MBC4 : 

MBC4 was prepared by sequentially using 
procedure ,G with BOC-Pro-OH, procedure I, Procedure G 
with BOC-Val-OH, .procedure I, procedure G with BOC- 
Asp (OBn) -OK, procedure I, procedure G with BOC-Leu-OK, 
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procedure I, then procedure G with 4- 
phenylureidophenylacetic acid. 

ExampIP ? 

Compound 77: 

Compound 77 was prepared by using procedure A with 
picolinic acid and H-LD (OBr. ) V-03n then procedure F. 
Purification by HPLC gave the title compound: m/z 451 

Exams ip ? 

Compound 64 : 

Compound 64 was prepared by using procedure k with 
hydrocinnar.ic acid and K-LD(OBn) V-OSn then procedure F 
Purification by HPLC gave the title compound: ir./z 476. 

Examr'-P C 

Compound 1:5: 

Ccmpcur.d 155 was prepared fcy using prcceaure E w:t- 
chicrc 4-p-enyicutyrate ar.d r.-Ll- :0=r. 7-^~ - w 



* ' «- - v Ga'.c tr.fr T. : 1 - 6 CC.T.DC'""-* i ' 



4 92 . 



Example ^ 

2 0 Compound 15": 

Compound 15" was prepared by using procedure B with BCr- 
Asp(OBn) -csu and isobutylamine, procedure D, procedure E 
with BOC-Leu-OSu, procedure D, procedure B with iQr.-QSu, 
then procedure F. Purification by HPLC gave the title 

2 5 compound: m/z 4 57. 
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Example * 

Compound 164: 

Compound 164 was prepared by using procedure B with Qr- 
OSu and H-LD (OBn) V-NHCK, then procedure r. Purification 
by HPLC gave the title compound: m/z 514. 



Compound 174: * 

Compound 174 was prepared by using procedure B with 
Asp,03n)-OSu and valine!, procedure D, orocedure B w< - - 
BOC-.eu-OSu, procedure D, procedure B with Qr.-oSu, the- 
procedure F. Purification by HPic gave the title 
compound: rr./z 4 87. 



Zxamn'o R 

Cc.-pcund 17": 

Co-pound l~i was prepared by using Procedure 5 v ^ 5 " 

As= :--cSu and H-Trr-DCH, precede erc = e = u- 

B"-_eu-OSu, procedure L. prcceour* E 4- 

rne tr.:x vb e n z e n e s u 1 f c 1 * 1 - r * ^ - - - - - ^ ■ 

- * w . . ^ ^ ~ - * ^ . . , - r. g r. procedure F. 

Purifies tier, r.y KPLC gave the title cor.pcund : .-./- = -. - 



£xamr:-e Q 

Cc.-.pcund 180: 

Compcund 180 was prepared by using prcceaure E with 5 
Val-CSu and methylamine, procedure D, procedure B w< 
BOC-Asp(OBn)-OSu, procedure D, procedure B with BOC-N- 
MeLeu-OSu, procedure D, procedure 3 with phenylacetyi 
chicride, then procedure F . Purification by H*LC gav, 
the title compound: m/z 491. 
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Example in 

Compound 189: 

Compound 189 was prepared by using procedure B w< th B0C- 
Val-OSu and methylamine, procedure D, procedure B with 
BOC-Asp(OBn)-OSu, procedure D, procedure B with BOC-Leu- 
OSu, procedure D, procedure B with phenylsulfonyl 
chloride, then procedure F. Purification by HPLC gave 
the title compound: m/z 4 99. 



Exarr.r^P n 

0 Compound 34 5: 

Compound 345 was prepared by using procedure A with 4-o- 
tolylureidophenylacetic acid and H-LD (OBn) V-OBn then 
procedure F. Purification by HPLC gave the title 
compound: m/z 606. 



Ex ams I p i ? 

Compound 20 6: 

Compound 206 was prepared by usir.g procedure A with 4-r- 
toiylureidophenylacetic acid ana H-LL :03n ) VP-OBr. then 
procedure F. Purification by HFLC gave the title 
compound: m/z 709. 



Example n 

Compound 14 4: 

Compoound 144 was prepared by using procedure A with 4- 
(2-hydroxyphenylureido)phenylacetic acid and H-LD (OBn) VP- 
OBn then procedure F. Purification by HPLC gave the 
title compound: m/z 711, 24.6 min (gradient 8). 
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Compound 145: 

Compound 145 was prepared by using procedure A with 4- 
phenylureidophenylacetic acid and H-LD (OBn) VP-OBn then 
procedure F. Purification by HPLC gave the title 
compound: m/z 695, 26.8 rr.in (gradient 8). 

£xa~pio ] c, 

Compound 14 6: 

Compound 146 was. prepared by using procedure A with 4-! 
hydroxyphenylureidojphenyiacezic acid ar.d H-MD (OBn ) V?-C. 
then procedure r . Purification by KPLC gave the tizle" 
compound: m/z 729, 22.4 mm (gradient 8:. 

Exar.n^P } f, 

Compound I : 

Compound i was prepared by using procedure A with 3- 

methcxy-4-phenyiureidcpheny:acetic acid sr. 2 :-:-LL-C = r 
^ £ r. 6 r. pre zed ur^ T . ^ u *~ * £ * - =. - « - ^ ^ . . *_■ - - ~ ^ 

title compound: m/r 72;, 25.; rr.ir. gra=:en= 



ExarrT>-^ 17 

Compound 2 : 

Compound 2 was prepared by using procedure A with 3- 
methoxy-4-phenyiureidophenylacetic acid ar.d H-MD(03n' 
OBn then procedure F . Purification by H?ic gave the 
title compound: m/z "?43, 27.0 min (gradient 8). 
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Examnlo ]P 



Compound 315: 

Compound 315 was prepared by using procedure A with 4-, 
tolylureidophenylacetic acid and H-MD (OBn ) VP-OBn then 
procedure F. Purification by HPLC gave the title 
compound: m/z 727. 



Compound 34 6: 

Compound 346 was prepared by using procedure 3 with N- 
Hydroxysuccinimidyl 4- (2- (3-methyl P yr:dyi- 
ureidojpher.ylacetate and H-LDVP-OH. Purification by HP" 
gave Compound 34 6: m/z 71 o. 



Examplo ?n. 

Compound 316: 

Compound 216 was prepared by using procedure 5 w-r N - 

r.ydroxysu: rinyimidyi 4- { ?- D -..- ■ ■ ^■■--.-■^ 

1 i - — j - e. p. n .er.y.ace:a:e 

n ~ L: VF ~ c:-: • ^rificaiion by- HFl.l crave - r .~ - — - ^ _ . 



Compound 4 : 

Compound . was prepared by using prcceaure B with N- 
hydroxysucrinimidyl 6- :2-methoxy-3- c - 
tolylureicopyridylacecace and H-LDV = -0K. Purificat 
by KPLC gave the title compound: m/z 740, 30.7 mir. 
(gradient 5 ) . 



WO 97/01094 



PCT/DS96/11570 



- 74 - 

Example 

Compound 147: 

Compound 147 was prepared by using procedure B with N- 
hydroxysuccinimidyl 3-methoxy-4-phenylureido P henylaceta' 
and H-LD (OBn ) VP-NH^ then procedure F . Purification by 
HPLC gave the title compound: m/z 724, 26.7 m - n 
(gradient 8) . 



Compound 14 8: 

Compound 146 was prepared by using procedure A with 4- 
toiy.ureidophenylacetic acid a.-.d h'-LD (OBn ) vo-v- de- 
procedure F. Purification by HPLC gave the t-e 
compound: m/z 703, 26.0 r.m (gradient 6) 



Compound 31 7 : 

Cc-pz -.z 317 was prepared by us:np procedure = v. 
• k .y:::xy£-.:c:n:m:ciy2 c- ! 2 -met hex v- .'• - c- 
tc Iv.ureioo; pyridyl acetate ar.d fOBr. 
procedure F. Purification cy HPLC cave th< 



compound: m/z 739, 26.0ir.ir. gradient Si. 



Compound 33 6: 

Compound 336 was prepared by using procedure A with t- - 
fluorophenyDureidophenylacetic acid and H-LD (OBn ) V=-.--~ 
then procedure F. Purification by HPLC gave the titl^ 
compound: m/z 713. 
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ExamnlP 7 ft 

Compound 32 : 

Compound 32 was prepared by using procedure B with iQn- 
OSu and H-LD (OBn) VP-OBn then procedure F. Purification 
by HPLC gave the title compound: m/z 598, 24.7 min 
(gradient 8) . 



ExamnlP 77 

Compound 34: 

Compound 34 was prepared by using procedure B with 
10 phenylacetyl chloride and K-LD (OBr. : VP-OBn then procedure 

F. Purification by HPLC gave the title compound: m/z 
561, 23.7 min (gradient 8) . 

ExamolP ?fl 

Compound 39: 

15 Compound 39 was prepared by using procedure A with 3-.;-4- 

hydroxyphenyl) propionic acid and K-LD !OBn) VP-OMe then 
procedure F. Purification by HPLC cave Compound 39: it./ z 
591, 21.5 min (gradient 8:. 



Exarr.nl p 7 3 

20 Compound 42: 

Crude compound 42 was prepared by sequentially using 
procedure A with BOC-Val-OH and K-homoPro-OBn, procedure 
D, procedure B with BOC-Asp (OBni -OSu, procedure D, 
procedure B with BOC-Leu-OSu, procedure D, procedure B 

25 with phenyl acetyl chloride then procedure F. 

Purification by HPLC gave the title compound: m/z 575, 
26.4 min (gradient 8). 
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ExamnlA in 

Compound 52: 

Compound 52 was prepared by sequentially using procedu- 
A with BOC-norVal-OH and methylamine, procedure D, 
procedure B with BOC-Asp (OBn> -0Su, procedure D, procedu 
B with BOC-Leu-OSu, procedure D, procedure B with Qn-CS 
then procedure F. Purification by HPLC gave the title" 
compound: m/z 518, 30.2 min (gradient 8). 

Compound 46: 

Compound 46 was prepared by sequentially using pro-e*-— 
A with BOC-Vai-OH and methylamine, procedure D, prc-ec- 
B with BOC-Asp. :0B.n)-CSu, procedure D, procedure A with 
3OC-N-MeLeu-0H, procedure D, procedure A with 3-(4- 
hydroxyphenyl) propionic acid then procedure F . 
Purification by HPLC gave the title compound: rr./t 521, 
2 6.7 mi- , gradient 8: . 



Exar.p 

Ccmcound £ 1 : 



Compound 61 was prepared by sequentially usmc prcc-^. 
B with BOC-Thr-OSu and morphoiine, procedure D, " proce: 
B with BOC-Asp (OBn)-OSu, procedure D, procedure B wit: 
BOC-Leu-OSu, procedure D, procedure 3 with Qn-OSu tner 
procedure F. Purification by HPLC gave the title 
compound: m/z 572, 24.0 min (gradient 8). 



WO 97/01094 



PCTAJS96/11570 



- 77 - 

Exarr.pip ^ 

Compound 213: 

Compound 213 was prepared by using procedure H with MBC 
and benzyamine then procedure J: m/z 588. 

Example 

Compound 214: 

Compound 214 was prepared by using procedure H with M3C 
and morpholine then procedure J: m/z 568. 

Exar.rie 2 r 

Compound 215: 

Compound 215 was prepared by using procedure H'with KSZ 
and iscprcpylamme then- procedure J: m/z 540. 

Example "r 

Compound 21c: 

Ccmpcur.c 2 1 c was prepared by us;:.: :r::e::r- r w-* 

and ryrl:>:r>:yic-:r.e then crccecur- *• - - r - " 

Exams'. ^ " " 

was prepared oy using procedure H wi-h 
amme then procedure J; m/z zz A . 

Exams ;p 7- 
Compound 216: 

Compound 215 was prepared by using procedure H with 
and piperdine then procedure J: m/z 566. 



Compound ll 7 
Compound 21" 
and isobutvl 
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Example ?Q 

Compound 318: 

Compound 318 was prepared by using procedure H with MBC3 
and morpholine then procedure J: m/z 667. 

Example* .40 

Compound 319: 

Compound 319 was prepared by using procedure H with MBC3 
and isopropylamine then procedure J: m/z 640. 



Compound 32 0 : 

Compound 320 was prepared by using procedure H with M3C 
and cyclchexylamine then procedure J: m/z 679. 

Examr'o c ? 

Compound 221: 

Ccmccund 321 was prepared by us::.: procedure K with M5I 
ar.z :er.:ylar.;p.e then procedure J: m z 65"?. 

Examr!* ^ 

Ccr - ?:und 222 wa s prepared by using procedure K with KB: 
anc ciperidme then procedure J: m/z 665. 

Examn'.o H 

Compound 32 3: 

Compound 323 was' prepared by using procedure H with K3Z 
and isobutylamine then procedure J: m/z 653. 
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Example qe, 

Compound 324: 

Compound 324 was prepared by using procedure H with MBC 
and cyclohexylamine then procedure J: m / 2 777. 

- xaiBn1 " 4* 

Compound 32 5: 

Compound 325 was prepared by using procedure H with MBC 
and piperdine then procedure J: m/z 763. 

Exarr-pio z; l 

Compound 32 6: 

Compound 326 was prepared by using procedure H with MBZA 
and benzylamine then procedure J: m/z 785. 

Exanp'io 4 ft 

Compound 32 7 : 

Compound 327 was prepared by using procedure H with MSC-5 
and isoprcpyla-ine then prccedure J: m/z ~3f. 



Exa^nig go 

Compound 32 8: 

Compound 328 was prepared by using procedure H with KECA 
and isobutylamine then procedure J: m/z 750. 

Examnlo ^r> 

Compound 363 

A. A mixture of o-tolylureidophenylacetic acid (3.53 g, 
12.4 mmol), H-Leu-OtBu-HCl (2.78 g, 12.4 mmol), TBTU 
(3.98 g, 12.4 mmol), and iPr 2 NEt (4.32 mL, 24.8 nunmol) ir 
DMF (25 mL) was stirred overnight at RT . The product wa 
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precipitated by addition of H,0 (10 mL) . The solids we^e 
collected by filtration on a medium frit, washing with 
2:1 DMF/H 2 0 (35 mL) , H : 0 (25 mL) , and Et : 0 (2 x 25 mL) , 
and dried on the filter (4.18 g, 741). All of this 
product was suspended in CH,C1, (16 mL) and treated with 
TFA (16 mL) and stirred at RT 2 nr. The reaction was 
concentrated to a syrup which was evaporated from C K,C1- 
(2 x 20 mL). The residue was triturated with Et,0 d'ooml 
at RT for 2 hr. The solids were collected by filtration 
on a medium frit, washing with Et.-O (50 mL) , and dried cn 
the filter (3.40 g, 931): MS (FAB) 398. 

B. A mixture of DCC (0.206 g, i.o mmol) and HOST (0.135 
g. 1.0 mmol) in EtOAc (6 mL) was stirred at RT 20 min 
until homogeneous. Fmoc-Asp-OtBu (0.411 g, 1.0 mmol), 
piperonyl amine (0.12 mL, 1.0 mmol), and N- 
methylmorpholine (0.22 mL, 2.0 m-el) were added. After 
stirring overnight, the reaction was filtered tc rerr.cve 
solids and the cake washed with fresh EtCAc ; 1 0 mL . Tr- 
filtrate was washed with H.C I2x;-, Si citrir acid .lx = 
NaHCC. ;lx;, and brine (ix), and dried (MgSC.j. Flash'' 
column chromatography on SiO ; eiuting with 1001 CHC1 
2". MeOH/CHCi, provided 0.54 g (1001, of pure product 
solid: mp = 128-130'C; TLCI2I MeOK/CHCl,) R.-0.10; ML 
(FAB) 545; >H NKR (CDC1„ 300 MH.:, ppm) 7.75-7.72 ZH , 

7.59-7.56 (m, 2H) , 7.40-7.34 ( m, 2H) , 7.30-7.25 <m,' 2H;,' 
6.71-6.66 ( m , 3H) / 6.13-6.10 (m, 2H) , 5.84 (s, 2H) ,' 4.45 
(m, 1H), 4.38-4.16 (m, 5H) , 2.86 (dd, 1H, J=4.7, 15.6 
Hz), 2.72 (dd, 1H, J=4.16, 15.6 Hz), 1.45 (s, 9H) . 

C The product from Example 50B (0.25 g, 0.46 mmol), 
Piperidine (0.45 mL, 4.6 mmol), and CH 2 C1 2 (0.45 mL) were 



as 
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stirred at RT for 90 min. The reaction was evaporated 
to a solid residue. Flash column chromatography on SiO ? 
using a MeOH/EtOAc gradient provided product (0.138 g, 
93%) as a colorless oil: MS (FAB) 323/ TLC(10% 
MeOH/EtOAc) R f =0.15; >H NMR {CDC1 3 , 300 MHz, ppm) 7.63 (br 
s, 1H), 6.75-6.68 (m, 3H) , 5.90 (s, 2H) , 4.34 (dd, 1H, 
J-5.7, 14.7 Hz), 4.28 (dd, 1H, J-5.7, 14.7 Hz), 3.65 (dd, 
1H, J=3.4, 9.3 Hz), 2.62 (dd, 1H, J=3.4, 15.7 Hz), 2.38 
(dd, 1H, J-9.3, 15.7 Hz), 1.74 (s, 2H) , 1.42 (s, 9H) . 

D. The product from Example 50C (2.55 g, 7.91 mmol) and 
Eschenmoser' s salt (1.61 g, 8.70 mmol) were refluxed in 
MeCN (80 mL) under an inert atmosphere for 42 hr . The 
reaction was cooled to RT and evaporated to dryness. The 
residue was diluted with 5% NaHC0 3 and extracted with 
EtOAc (3x) . The combined organic extracts were washed 
with 5% NaHC0 3 (lx), H,0 (lx), and brine (Ix), and dried 
(MgSO«) . The crude product was dissolved in Et,0 ;25C r.L'= 
and passed through a short pad of S iC_ , eiucing with Ec-C 
followed by EtOAc. The slightly impure product thus 
obtained was further purified by trituration with ice 
cold Et : 0 (30 mL) and collected by filtration to give a 
white solid (C.904 g, 34%): np=121-123°C; TLC (10% 
MeOH/CHCl 3 ) R.= 0.59; >H NMR (CDC1„ 300 MHz , ppm) 6.75-6.66 
(m, 3H) , 5.92 (s, 2H) , 4.66 (A of AB, 1H, J=14.7 Hz), 
4.23 (B of A3, 1H, J=14.7 Hz), 4.15 (ABq, 2H, J-11.9 Hz}, 
3.68 (dd, dd, 1H, J=5.2, 10.9Hz), 2.72 (dd, 1H, J-5.2, 
17.3 Hz), 2.41 (dd, 1H, J=10.9, 17.3 Hz), 1.45 (s, 9H; ; 
C,H,N for C : -H 22 N 2 0 5 , theory— C.-61.07, H:6.63, N:8.38, 
found — C:60.80, H:6.59, N:8.22. 
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E. The product from Example 50D (0.50 g, 1.5 mmol), the 
product from Example 50A (0.596 g, 1.5 mmol) , and EDC 
(0.314 g, 1.64 mmol) were stirred in NMP (3 mi) at RT for 
48 hr. The reaction was poured into EtOAc (60 mL) , 
washed with H 2 0 (8 x 6 mL), brine (lx), and dried (MgS0 4 ) . 
Flash column chromatography on SiO, eluting with 100% 
CHC1, to 30% EtOAc/CHCl, provided product (0.94 g, 88%) as 
a pale yellow oil: MS (FAB) 714; TLC (10% MeOH/CHCl,) 
R f =0.40; * NMR (CDC1„ 300 MHz, ppm) consistent with 
structure and indicative of diastereomers . 



F. The product from Example 50E (0.94 g, 1.32 mmol) was 
stirred in TFA (10 mL, at RT for 3 hr. The reaction was 
concentrated to dryness and the residue evaporated from 
CH,C1 ; (3 x 10 mL). The c-ude product was triturated with 
15 Et 2 0 at RT, collected by filtration and dried on the 

filter (0.733g, 84%): MS (FAB) 658 (M+H) , 680 (M+Na ) ; TL~ 
(5% KOAc/EtOAc) R f -0.15; NMR (d'-DMSO. 300 MHz, ppm) 
consistent with structure and indicative of 
diastereomers . 



ExamclP *l 

Compound 3 64: 

A. I- the same manner as described in Example 50B, Fmoc- 
Asp-OtBu (8.23 g, 20.0 mmol) was reacted with H-Gly- 
OBn-HCl (4.03 g, 20.0 mmol). Flash column chromatography 
on SiC ; , using an EtOAc/hexane gradient provided product 
(9.8 g, 88%) as a waxy solid: MS (FAB) 559; TLC (10% 
MeOH/CHCl,) R f -0.7l; 

! H NMR <CDC1„ 300 MHz, ppm) 7.73 (d, 2H, J=7 . 5 Hz), 7.59 
(d, 2K, J=7.4 Hz), 7.40-7.26 (m, 9H) , 6.44 (br s, 1H) , 
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.09 (d, 1H, J=8.3 Hz), 5.13 (s, 2H) , 4.52-4.49 (m, 1H) , 
4.41-4.29 <m, 2H), 4.21 <t, 1H, J=7 . 1 Hz), 4.04 <d, 2H, 
J=5.2 Hz), 2.95 (dd, 1H, J=4.6, 15.7 Hz), 2.79 (dl, 1H, 
J=4.3, 15.7 Hz) , 1.46 (s, 9H) . 

B. The product of Example 51A (9.8 g, 17.54 mmol) was 
deprotected in the manner described in Example 50C. 
Filtration through a pad of SiO : with 100% EtOAc followed 
by 5% MeOH/CHCl 3 provided product (4.24 g, 72%) as an oil 
MS (FAB) 337; TLC {3% MeOH/EtOAc) R-0.15; "H NMR (CDC1,, 
300MHz, ppm) 8.00 (t, 1H, J=5.4 Hz-, 7.30-7.21 <m, 5H), 
5.07 ( S/ 2H), 3.98 (AB of ABX, 2H, J-5.4. 18.1 Hz), 3. 60 
(dd, 1H, J-3.4, 9.2 Hz), 2.60 (cd, 1H, J=3.4, 5.4 Hz), 
2.38 (dd, 1H, J=9.2, 15.4 Hz), 1.79 Cbr s, 2H) 1.36 (s, 
9H) . 

C. The product of Example 51S (4.24 c, 12.60 mmol) was 
cyciized in the manner described :r. Example 50D. Flash 
column chromatography using an EtCAc/CKCl , gradient 
provided product as a syrup (1.4 a, 32 ;: MS ( FA3 ) 349; 
TLC (1:1 EtOAc/CHCl 3 ) R,=0.53; H NM=. (CDC1,, 300 MHz , pp~ 
7.35-7.25 (m, 5H), 5.11 (s, 2H) , 4.21 (A of AB, 1H, 
J=17.5 Hz), 3.95 (B of A3, 1H, J-17.5 Hz), 3.71 (dd, i H , 
J-5.1, 11.2 Hz), 2.68 (dd, 1H, J=5.1, 17.2 Hz), 2.3 
1H« J-11.2, 17.2 Hz), 1.43 (s, 9H ) . 



I c ! CO 



D. The product of Example 51C (1.40 g, 4.02 mmol) was 
25 coupled with the product of Example 50A using the 

procedure of Example 50E. Flash column chromatography 
using a CHCl 3 /EtOAc gradient provided product as a 
brittle, pale yellow foam (2.21 g, 76%): MS (FAB) 728; 
TLC (1:1 CHClj/EtOAc) R 5 =0.28; 'H NMR (CDC1 3 , 300 MHz, ppm: 
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consistent with structure and indicative of 
diastereomers . 



E. The product of Example 51D (0.15 g, 0.21 mmol) was 
deprotected ana purified as described in Example 5CF. 
The product was obtained as an off-white solid (0.12" c 
901): MS (FAB) 672 (M+H) , 695 (M+Na ) ; TLC (9:1:0.1 
CHCl,/MeOH/AcOK) Rf-0.54; H NMR (d'-DMSO, 300 MHz , P? ~: 
consistent with structure and indicative of 
diastereomers . 



Compound 3 65 

A. The product from Example 51E. (C.10C g, 0.15 mr- " c 
ntethoxybenzylasiine (20 *cL, 3.15 mmol" , and TET'J tZ.ZA'.- 
g. C.15 mxncl) in MM? (0.3 ml: were treated with i?r.\T- 
ft 0.45 mmcl;. After stirrm? c verm she at , 

reaction was diluted with Etc-.- : : -:. , washed wit-. .- " 
!: >: I ml =• -• 



/ -* w L 1 1 _ aCiC ■ ^. >; _ r- 

~L) and crir.e {1x2 ml; and dr:ed ;M~3 



rcuch 



she r ^ paci of S i C , eiucma wi 



rh 2 



MeOH/ Zr.Z. 



followed by 4 MeOH/CHC:., provides product as a roar 
(0.087 g, 73 } : MS FAS J 792; TLC (9:1 CHC1 VMeOK.. 
Rr=0.4: ; H NMR iCDCl., 300 MH z , pprr.. c:ns:s:er[ 
struccure and indicative diastereomers. 



B. A suspension of the product of Example 52A (0.03" g, 
0.11 mmol) and Degussa type E101 NE/W 10*. Pd/C (CCl" z 
in MeOH (10 mL) was hydrogenated under 25 psi H s for 1^ 
hr. The reaction was filtered through Celite, rinsma 
with MeOH. The filtrate was evaporated to dryness. Tne 
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residue was triturated with Et,0 and the resultant beige 
solids collected by filtration (36.1 mg, 47*) : M S (FAB) 
701 (M+H), 723 (M+Na ) ; '-H NMR (d-DMSO, 300 MHz, ppm) 
consistent with structure and indicative of 
diastereomers . 



Example =,7 

This assay was used to assess the potency of 
VLA4-directe= inhibitory compounds cf this invention. 
1 • Con-iugr-ior. n« r ^i r. 

We dissolved B5A-SMCC (Pierce Chemical, 
Rockford, II; Catalog # 77H5, m H 2 C at a ccr.centraticr 
of 10 mg/mL. [ SEQ ID NO:4J: Cys-Tyr-Asp-Glu-Leu-Pro-Gxn- 
leu-Va;-Thr-leu-?ro-His-?rc-Asr:-Le_-His-Gly-?ro-G.u-: • 
Leu-Asp-Val-Prc-Ser-Thr : "Cys-7yr-CS 1 peptide"., wnirr. we 
synthesized :y conventional sclid p.-.ase cner.istry ar.c 
purified c y H F _ C , was dissolve- i:. : ;--v kep^c cH ^ -. 
KsC - ar -'~ : - : T ^ =DTA also a-, a ccr.centraticr. c: ii -z 
We then r,:xt: 5C0 uL of ESA-SHCC, 2:0 u i c f Cys-Tvr-Ci: 
peptide and "5 uL cf 1 m.M HEFES pK and allowed tr.e 

corougation reaction to proceed fcr 30 minutes. We 
stopped the reaction by adding : U L cf beta- 
mercaptoethanol. Samples were analyzed for cross-lmkmo 
by SDS-PAGE. This reaction produced multiple molecules 
of the Cys-Tyr-CSl peptide conjugate to each BSA 
molecule. 

2 - Preparation of p^i-»c f„>- ^von a» fly 

We coated the wells of a Linbro titertek 
polystyrene 96-well flat bottom plate (Flow Laboratories, 
Maclean, VA; catalog #76-231-05) with 100 uL of the 
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above-described BSA-CS1 solution diluted to 1 U g/ mL in 
0.05 M NaHC0 3 (15mM NaHC0 3 , 35mM Na 2 C0 3 ) pH 9.2. Some 
wells were not coated with CS1 in order to assess non- 
specific cell binding (NSB ) . The plate was then 
incubated overnight at 4°C. 

Following this incubation, the contents of ^ 

wells were removed by inverting and blotting the plate. 

All of the wells were then blocked with 100 U L o* n 

in PBS, 0.02* NaN 3 , for a minimum of one hour at room."" 

temperature. 



Ramos cells are grown, maintained and iabeU- 
m rpki 1640 culture medium containing 1% BSA . Just 
prior to running the assay, we added 2 ' , 7 • -bis- (2- 
carboxyethyi,-5 (and -6; carboxyf iuorescem acecoxvr— 
ester : "3CECF-AM" ; Molecular Probes Inc., Eugene, Ore.- 

ca:i.:: *B--15^ r - * * - -■ „^ 

- *™ ~ a ^ 4 . a . ccncer.tra tier, c f • » m - - A 

cu -"- rs " f Pa-cs ceils =4 x 1 .v' c*:is/.T.L _ J..... 
the re.l3 for 20 -mutes at 3~ c 2. 

Following labelling, the ceils were washes 
twice in assay buffer (24 rr.v TRIS, 127 m NaC1< 2> - rJ , 
KC1, pH 7.4, containing C.i- BSA and 2mM glucose; to 
remove any cations originating from the culture medlurr.. 
The ceils were then resuspended m assay buffer to 4 >• 
10* celis/mL and 2mM MnCl 2 was added to upreguiate VLA4 
on the surface of the cells. 
4 • Running thP ft^c fly 

Immediately prior to running the assay, we 
removed the BSA blocking solution from the 96-well piaro. 
and washed the wells with 100 uL of assay buffer. We 
the.-, added to each well 25 uL of test cell adhesion 
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inhibitory compound at 2x the final concentration and 2 5 
uL of the labelled Ramos cells. Final concentrations 
were selected across a range of anticipated ICSOs, 
usually between 0.01 nM - 10 uM. Each concentration of 
compound was tested in triplicate. The compound and 
cells are allowed to incubate for 30 minutes at room 
temperature . 

We then emptied the contents of the plate and 
washed the wells 4 times with assay buffer. Using a 
light microscope, we examined the NSB wells. If more 
than a few cells are bound to those wells, we washed the 
plate once more to remove the excess r.cn-specif ically 
bound cells. 

Binding of the Ramos cells to the CS1 peptide- 
coated wells was measured by adding 100 uL of assay 
buffer to each well and quar.titatir.g fluorescence in a 
Millipore Cytofluor 2300 Systerr. plate reader set at 485 
nm excitation and 530 nm emission. Binding was expresse: 
as an IC50 — the concentration cf m.-.ibitor at which SZ- 
of control binding occurs. Percent binding is calculate: 
by the formula: 

HF TS - F NS ) .- (F. - F NS )]/[(F r , - F. : ) x ICC = = binding, 
where F Te is total fluorescence bound to CS 1 -containing 
wells without added inhibitor; F... is fluorescence bound 
in wells lacking CS1; and F : is fluorescence bound in 
wells containing an inhibitor of this invention. 

Other compounds according to this invention 
were similarly assayed. The ICS0 range for each of these 
compounds is indicated in the table below: 
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i 0 



25 



Cmpd# 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 



IC, 



Cmpd# 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 
157 
158 
159 
160 
161 
162 
163 
164 
16S 
166 
167 
168 
169 
170 
171 
172 
173 
174 



IC 



J3_ 
B 



Cmpd» 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 



JC 
B 



52- 



B 



C 
C 



8 



_B_ 
_B_ 
_B_ 
B 



Cmpd# 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
=232= 



JC 
_B_ 
B 



B 



B 
B 
B 
B 
B 
B 
B 



B 

_B_ 
A 
A 



i2_ 



A 
A 
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We next examined the acili: y tf the cere - 

of this invention to inhibit VCAM/YL.-.-; cir.cir.---, 

a VCAM-IgG-alkaline phosphatase _~ate. To carrv 

this assay, we used the Miliipore Multiscreen Assa- 
System (Miliipore Corp., Bedford, MA to wash the ceils 
efficiently. 

Preparation nf vr ^-i^-^p en n^ !narfl1 

The construction of VCAM 2D-IgG expression 
vectors, transfection of CKC cells with those constructs 
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and purification of the resulting expression produce i s 
described in PCT publication WO 90/13300, the disclosure 
of which is herein incorporated by reference. 

1.2 ml of purified VCAM 2D-IgG (5 mg/ml in 10 
mM HEPES, pH 7.5) was reacted with 44 U l of Traufs 
reagent (2-iminothiolane, 20 mg/ml in water; Pierce 
Chemical, Rockford, IL.) at room temperature * Q ~ 30 
minutes. The sameple was desalted on a 15 ml Sephadex G- 
25 column equilibrated with 100 mM NaCi, 10 mM MES, pH 
5.0. one ml fractions were collected and absorbance a- 
280 nm was determined. The two peak fractions were 
pooled . 

One ml of calf intestinal alkaline phosphatase 

(19 mg/r.l; Pierce Chemical, Rockford. IL) was reac^e- 

with 100 ui cf sulfo-SMCC (30 mg/ml in water, and 1 CO U ' 

1 M HEPES, pK 7.5 for 35 n>-n-.-« =- . 

• J - - - - e s a. roo.T. tempera cure . 

The reaction mix was desa-ted - ■ -> -• - _, 
column equilibrated with no mM NaC, : c HEP~~ 
e.C. One -2 fractions were cc.iecte, a- acsor^Le a: 
2*? r..T. was detera;r.e=. The -_wc peaf: rracticr.s were 
pec lea ana stored c .-. ice. 

The alkaline phosphatase-SKCC and VCAK 21 
immothilane adduces were cross-linked at a molar'ra:" 
of 2:lm Tris-HCL, P H "» . 5 by incubation at room 
temperature for 30 minutes. Extent of cross-Unkmc w~ 
determined by SDS-PAGE. The cross-linked oroducts w— 
stabilized by the addition of 2 mM MgCl and 0.25 mM 2nd 
and stored at 4°C. 

2 . Binding A^ Y 

We first blocked a 96-well filtration pla-e 
by adding 275 U L of PBS containing 0.15 Tween 20 and 2* 
BSA ("blocking buffer") to each well and incubating fc~ " 
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10 



hour at room temperature. The plate was then placed onto 
a vacuum manifold and the blocking buffer was drained 
through the bottom of the filtration wells into a waste 
collection tray. Then we washed the wells three times 
with 200-250 U L of Tns-buffered saline, containing 0.15 
BSA, 2 mM glucose and 1 mM HEPES , pH 7 . 5 ("assay buffer", 
to wash out any remaining blocking buffer. We then 
drained the plates and blotted them on paper towels tc 
remove buffer on the underside of the plate. 

We then prepared a stock "solution of VCAM-lgC- 
AP (4 ug/mL in assay buffer) and filtered it through a 
0.2 p low protein binding syringe filter (Gelman 
Sciences, Ar.r. Arbor, MI # 4454). This solution was ther. 
diluted 1:10 in assay buffer and 25 U L was added to everv 
15 well of the washed plate. 

We diluted the ceil adhesion inhibitor beir.c 
tested to 2x final concentration m assay buffer "and 
added 25 uL :f ea~h H-i-.-i^- ,. 

plate. Final concentrations used ranged from C.01 r j-' - 

20 io uM. Ccr.trcl w* ' - f~- - - • ^ ■. _ n ,,.„„ a . 

« 1 - - - - - - - --^a.r.: ana nor.- s Dec; : : - 

binding received 25 uL cf assay buffer, instead of 
inhibitor. Total binding wells contained cells and yc.-.x- 
IgG-AP m assay buffer. Non-specific binding wells 
contained or.ly VCAM-IgC-AP m assay buffer. 

Jurkat cells were washed once in assay buffer 
to remove growth medium and resuspended at 8 x 10 6 /ml m 
assay buffer containing 2 mM MnCl 2 . We added 50 pi C : 
Jurkat cells to every well, except the non-specific 
binding wells, which received 50 uL of assay buffer tc 
maintain a final assay volume of 100 pL per well. We 
gently mixed the contents of the wells by tapping the 



25 



30 



i 
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sides of the plate. The plate was then allowed to 
incubate undisturbed for 60 minutes at room temperature. 

At the end of the 60 minute incubation, we 
placed the plate on the vacuum manifold to drain the 
wells. We carefully added 100 U L of assay buffer 
containing ImM MnCl 2 (wash buffer) to each well so as not 
to disturb the cells on the bottom. The wash buffer was 
removed by vacuum and the plate was washed again with 150 
UL of wash buffer. After draining the wash buffer again, 
the underside of the plate was blotted on paper towels. 

Next, we prepared a 10 mg/mL solution of 4- 
nitrophenylphosphate in 0.1 M glycine, 1 mM ZnCl 2 , pH 
10.5 (substrate buffer) and added 100 U L immediately 
added to each well. The plate was incubated for 30 
minutes at room temperature to allow the coiorimetric 
reaction to proceed. We stopped the reaction by addir.c 
100 uL of 3 N NaOH to each well. 

The contents cf the 96-well filtration plate 
was- -hen transferred directly ir.to a 96-well flat better 
plate using the vacuum manifold. The plate was read at a 
wavelength of 405 nm to determine the amount of VCAM 
conjugate bound to the cells. Percent binding is 
calculated by the formula: 

[ (A r: . - A»s) ~ (A, - A NS )]/[(A :i - A ; > x 100 = * binding, 
where A T9 is the absorbance at 405 nm of CSl-ccntainmc 
wells without added inhibitor; A ; is the absorbance at 
405 nr. in wells lacking CS1; and A, is absorbance at 405 
nm in wells containing an inhibitor of this invention 

We assayed other compounds of this invention in. 
the same assay. The IC50 values are comparable to those 
derived from the CS1 binding assay described in the 
previous example, although certain compounds demonstrated 
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up to 10-fold greater binding in this assay than in the 
previous assay. 

Example ^ 

I ntuition nf Mom*« rovar.r H vnprc anjr „ jrY 
We anesthetized 20-g female Balb/c mice 
(Jackson Laboratories, Bar Harbor, ME! with sodium 
pentobarbital (90 mg/kg, i.p.). A 3 cn ,2 patch of 
abdominal skin was then exposed by closely shaving the 
fur. The skin was then scrubbed with 70> ethanoi, 
followed by application of 25 uL of 0.5- D.MF3 in 4:1 v/v 
acetone:clive oil or.to the bare abdominal ski:.. We ther 
lightly scratched the skin with the applying P i P et tip - 
encourage mild mf iamr.aticr. . Twenty four hours after" th 
initial sensitization we again sensitized the mouse wit.- 
25 U L of 0.51 DNFB at same abdominal skin location, aca: 
followed by light scratching with the pipe: tip. The' 
second sensitization was performed while restraining the 
unanes t he t i zed mouse. 



Or: Day 5 C.20 hzurs after 



the ir.it ia 



sensitization;, we anesthetized the mice wi-"- o- . • -. _ 



n tar. t ocse 
e : t 



ketammerxyiazine, i.e. and applied a sub- 
of 10 U L of 0.2^ DNT3 to the dcrsai surface cf the 
ear. The right ear received a similar application cf t- 
< : 1 v/v acetone : cli ve oil vehicle. 

Four hours after challenging the immune 
response, we administered various concentrations of the 
inhibitors of this invention to the mice in 100 U L 0.5s 
sodium phosphate buffer, pH 8.8, and 3% v/v DMSO by 
subcutaneous (s.c.) injection. Less soluble inhibitors 
occasionally required up to 30% DMSO addition the highes 
concentrations tested. Groups of 8 mice were used for 
each treatment tested. Positive (PS2 anti-mouse VLA-4 
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antibody, 8 mg/kg, i.v.), and negative control 
(phosphate-buffered physiclogical saline, PBS, 100 .- 
i.v.; DMSO in PBS, 100 uL s.c.) groups were rcuc , ne ;; 
tested for comparison as part of the assay of test 
compounds . 

Twenty four hours after challenge mice we-e 
again anesthetized with ketamine : xvia::ne and t h e e -~ 
thickness of both ears measurec with an engineers 
micrometer to an accuracy cf :c~ 4 inches. The ea- 
swelling response for each mouse was f- e c- **e~e"~e 
between its control- and ONFE-cha . 1 enged ear c .^-« 5 
Typical umnhicitec ear swelli,g responses were 6 = -- I 

" InhibiCi - Cf «»• •« celling response was" " 

judged by comparison cf treated aroucs f--- 
negative control group. Percent mhiti tier, was 



calculated as: 
r 



— - - - 



rear. :.»:.::•:. crr.-.rr. ar=.,- - a .- sw e .;. r - 

Statistical significance cf tr.e difference ar-n~ 
treatment croups was evaluated usir.c cr.e-wa v"ara ' ■ c - 
variance followed ry computation cf the 7u,:ev--a^~ " 
Honestly Significant Difference (J!- S AS Institu- 
using p<0.05. 

The inhibitors cf this invention cause a 
statistically significant reduction m the ear swe"--~ 
response of DNFB-treated mice as compared to uninhic^l 
control animals. 



Inhibition C f Asoaris Antigen-Induced Late 
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Phasft Airway ^nsirivifv r n aii*™^ 

Sheep which had previously been shown to 
develop both early and late bronchial responses to 
Ascaris suum antigen were used in this study. The 
5 protocol used for the experiment was that described m w 

M. Abraham et al . , J. n •: ^ t^o.- 93 , pp . 776 . 87 
(1994), except that the via- 4 inhibitors of this 
invention were administered to the animals was dissolved 
in 3-4 ml cf 50 »• aqueous ethanol and delivered by aerosol 
10 spray. 

The results showed that all of the VIA- 4 
inhibitors of this invention inhibited the airway 
responses associated with administration cf Ascaris s-j-j.- 



15 



antigen. 

While we have hereinbefore presented a number 
cf embodir.er.ts cf this invention, it is apparent that ru 
basic construction can be altered tc provide ether 
ro.-ccur.ds =r.o methods which utilize the ccmcc-ur.d = - - - 

s 7 - ~ ^ ~- '-■■'-= invention is to be defined bv tr.o clai-:-- 
appenaed r.ereto rather than tne specific erurcd.mer.- - 

:ave r-een presented hereinbefore rv w&v zi -v*-.-^ 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT : 

(A; NAME : Biogen, Inc. (exceot US) 

(E: STREET: 14 Cambridge Cente- 

(C CITY: Cambridge 

(I STATE : Massachusetts 

<E COUNTRY: United States cf America 

(T POSTAL CODE (ZIP) : 02142 

(G TELEPHONE: 617-679-2200 

(H TELEFAX: 617-679-2838 

(A NAME: Ko-Chur.g Lir. (US c-' : - 
'i= STREET: 252 Lincoln Street*' 
CITY; Lexington 
STATE : Massachusetts 
COUNTRY: United States z c A-e---a 
POSTAL CODE (ZIP): C2173 

NAME: Steven P. Adams rus o-"*-. 
STREET : 12 Berkley Lane ' - 

CITY: Andover 
STATE : Massachuset" « 
COUNTRY : United States cf Are- -a 
POSTAL CODE :'ZIP; : C181C ' 



( C 



(A 
(5 
( Z 

: Z 

r 



NA::i: Alfrert Z. Castrc YE zr. _ 
ZTr^ZT: 1 Z.e-.w:to .-.ver, - 
Z:7^: Wcr^rr 
STATE : Mas sa c-huse 1 1 5 
ZCUNTRY: United States Arer;r~ 
- ST AL COZE .'ZIP; : OISOl 



(A 
iz 
(Z 
f Z 
(E 

cr 



!: ir X Z : Crai 3 K. Zimmerman US rr..y 

STREET: 134 Hichianc Aver..* =c 

CITY: Some r vi He 

STATE : Massachusetts 

COUNTRY: United States cf Are— -a 

POSTAL CODE (ZI?< : C2142 

N ^U" : Ju **° Hernan Cuervo :US only 1 

STREET: 16 Elmer Street #303 

CITY: Cambridge 

STATE : Massachusetts 

COUNTRY: United States of Ame-*-a 

POSTAL CODE (ZIP! : C2138 



(A 'NAME : Wen-Cherng Lee (US o^y) 

(5 STREET: 192 Spring Street 

(C CITY: Lexington 

(Z STATE: Massachusetts 

(- COUNTRY: United States of America 



4 
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(F) POSTAL CODE (ZIP) : 02173 

(A) NAME: Charles E. Hammond (US only) 

(B) STREET: 4 Chester Avenue 

(C) CITY: Burlington 

(D) STATE: Massachusetts 

(E) COUNTRY: United States of Ame-ica 

(F) POSTAL CODE (ZIP): C18C3 

(A) NAME: Mary Beth Carter :US only) 

(B) STREET: 106 Sycamore St-ee- 

(C) CITY: Belmont 

(D) STATE: Massachusetts 

(E) COUNTRY: United States of Air*— -a 

(F) POSTAL CODE (ZIP): C21?£ 

(A) NAME: Ronald G. Aimruis: Y c 

(S) STREET: 50 Solomon Pierce *ca~ * ' 

\Z: CITY: Lexington 

(D- STATE: Massachusetts 

(E) COUNTRY: United States : f Ar.e — -a 

iF) POSTAL CODE (ZIP): C21~l 

(A: NAME: Carol Lee Er.sir.ce - ----- 

(B) STREET: 732 Princeton ' Bl\'z . Ac 1 "*-: 
:i. CITY : Lowell 

:E STATE: Massachusetts 

:E) COUNTRY : United Szates : \ A~.e - - ~ 

. " PCSTAL CODE f ZIP ■ : " * " : ' 



:: TITLE Z'r INVENT:::;: TELL Alr^/V ; ;; 

-ii I.'VM? EP. I" SEv"JENTE£: A 

:v COMPUTER READABLE FO?-\ : 

A MEDIUM TYPE: Flocrv :;s- 
,5- COMPUTE?.: 1 3M PC ccrr.panc.e 
• I OPERATING SYSTEM: PC - DCS .'MS - 2 I r 
:2- SOFTWARE: Patentln Release =1^1 

l vi) PRIOR APPLICATION' DATA: 

a ' application number: us ■:= /•;=■- ~ 

ic) FILING DATE: 1 i - JUL- 1 59 = 



'I IN FORMAT I ON FOR SEQ ID NO: I: 

:i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: smcie 

(D) TOPOLOGY: linear 
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(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Glu He Leu Asp Val Pro Ser T hr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amine acid 

(C) STRANDEDNESS: singie 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NC 

(iv) a v :t:-sense : no 



(xi) SEQUENCE DESCRIPTION: SEQ ID NC : 2: 

Giu He Leu Asd Val 
- * 5 



INFORMATION "OR SEQ ID tvO : 2 : 




HYPOTHETICAL: NC 



I iv) ANT I - SENSE : NO 



(>:i) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Leu Asp Val Pre Se- 
1 5 " 

INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2" amino acics 

(B) TYPE: amino acid 

CC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Cys Tyr Asp Glu Leu Pro Gin Leu Val Thr Leu Pro His Pro Asp t< 
3 10 •■ s ' ~ 

His Gly Pro Glu lie Leu Asp Val Pro Ser T^r 
20 25 
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CLAIMS 



We claim: 

1. A cell adhesion inhibitory compound of 
formula ( I ) , 



Z-(* l )-(Y*)-(Y*) n -X (I) 

and charrr.aceuticaliy acceptable derivatives thereof; 
wherein: 

Z is selected frcrr. the :r = U c consisting cf 
alkyl; aliphatic acyl optionally substituted with N- 
alkyl- or N-arylamido ; aroyi; heterocycioyi ; alkyl- or 
aryisuifonyl; araikylcarbonyi optionally substituted w; 
aryl; heterocycioa 1 ky i carbcnyl ; a 1 kcxycarbcnyl ; 
aralkyicxycarbcr.yl; cyclcalkylcarccr.yl optionally fuse: 
witr. aryl; heterocycioa: kcxycarbcnyl ; a 1 ky 1 ar.; r. oca rbc r. 
arylar.ir.c carbor.yl and a ra i .-: yl =- : - c c = r cc r.y : cpticnal ; . 
sub? t.tuted with Lis 'alkylsui fcr.y. a.-:r.c, 
a 1 kcxyrarc-or.ylarr.ino or alKer.yl; a 1 ,:yl sul fcny 1 ; 
aral.-rylsulfonyl ; arylsul for.yi ; cyr loal kyl sui ror.vl 
optimally fused with aryl; heterr rycl yisul fcr.yi ; 
heterrcyciylalkylsulfonyl; ara 1 kcxycarbcnyl ; 
a r y 1 c x y ca rbon y 1 ; c yc 1 oa 1 k y 1 cx yea r c c n y 1 ; 
heterrcyciyloxycarbonyi; heterocyr 1 ylai koxycaracnvl ; 
mono- or di-al kylaminocarbonyl optionally substituted 
with aryl; (alkyl ) (araikyl ) aminocarbonyi ; .mono- or di- 
araikyiaminocarbonyi; mono- or di-aryiaminocarbonyi ; 
(aryl ( alkyl ) aminocarbonyi ; mono- or di- 
cyclcalkylaminocarbonyi ; heterocyriylaminocarbonyl ; 
heter rcyclylal kylaminocarbonyl; 
(alkyl) (heterocyclyl) aminocarbonyi; 
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(alkyl) (heterocyclylalkyl) aminocarbonyl; 

(aralkyl) (heterocyclyl ) aminocarbonyl; 

(aralkyl) (heterocyclylalkyl ) aminocarbonyl ; alken^yl 
optionally substituted with aryl; alkenylsulf onyl 
optionally substituted with aryl; alkynoyl optionally 
substituted with aryl; alkynylsul f onyl optionally 
substituted with aryl; cycloalkenylcarbonyl ; 
cycloalkenylsulfonyl; cycloalkylal kanoyi ; 
cycloalkylalkylsulfonyl; arylaroyi, biarylsulf onyl ; 
alkoxysulfonyl; aral koxysul f onyl ; a 1 kylaminosul f onyl ; 
aryloxysulf onyl ; arylaminosul f ony . ; N-arylurea- 
substituted alkanoyl; N-arylurea-substi tuted 
alkyisulfonyl; cycloalkenyl-substituted carbonyl; 
cycloalkenyi-substituted sulfor.yl; al kenoxycarbonyl 
optionally substituted with aryl; ai kenoxysul f onyl 
optionally substituted with aryl; a 1 k yr.oxycarbonyl 
optionally substituted with aryi; al .-.yr.oxysul for.yl 
optionally substituted with aryi; alker.yl- cr alkyn.yl- 
ar.inocarbonyl optionally substituted v.- : -_ n aryl; alker.y' 
cr aikyr.yl-air.inosulfonyl optionally sucstituted with 
aryl; acylamino-substituted al kancy. ; a cyiami no- 
subs ti tuted alkyisulfonyl; amir.ocarbo.-.y 1 -substituted 
alkanoyl; carbamoyl-substituted alkanoyl; carbamcyi- 
substituted alkyisulfonyl; heterccyc 1 via 1 kanoyi ; 
heterocyclylaminosulfonyi ; carboxyai kyi- substituted 
aralkoyl; carboxyalkyl-substituted aral kylsuifonyl ; 
oxocarbocyclyl-fused aroyl; oxocarbocyclyl-f used 
arylsulfonyl; heterocyclylalkanoyl ; N' , N' -alkyl, 
arylhydrazinocarbonyl; aryloxy-substi tuted alkanoyl and 
heterocyclylalkylsulfonyl . 

Y : is -N(RM -C (R 2 ) (A : ) -C(0)-; 
Y' is -N(R : )-C(R') (A : )-C(0)-; 
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each Y 3 is represented by the formula -N (R- ) — 
C(R 2 ) (A 3 )-C(0)-; 

each R-- is independently selected from g - 0 ., p 
consisting of hydrogen, alkyl, and aralkyl; alkenyi ■ 
alkynyl; cycloalkyl; cycloa 1 kenyl ; cycloalkyiaikyi ; 
ammoalkyi; mono- or di-alkyi -substituted aminoa'. kv-- 
mono- or di-aralkyi-substituted ammoalkyi; hydrcxvalky - ; 
alkoxyalkyl; mercaptoaikyi ; thioa 1 koxyal kyl 

A : is selected from the group consistino o* 
am.no acid side chains and corresponding orotectec 
derivatives; cycloalkyl; ar.d alkyl optionally substitutes 
with ammo, acyiaminc, ammc-subs 1 1 ;u:e= a -^a---- 
alkoxycarbonyiammc, aryl, cycicaikyl. carbcx v'."~a ? ^ ■ 
araikyloxy, a 1 kcxycarbonyl , aralkoxvcarbony\ 
aminocarbonyl, alkylaminocarbor.yl , ciaikvlaminoca-^- 
'a.,:yi, faralky:;amir.o = arbcr.y:. araiKvlar.mccaroor.v-, * ' 
diaraikylammccarcor.vl , ~-,-~- y -.- 

carccxyalKvlarmccarccryl, - yz r , x a - . 
• T -- r - 3 P"-' -.^calkcxy :: :.e-:;:v:. i; 



-~- is seiec:e- :nrr. r.r.i 



r - 



= r ia . groups ar.z = .,;•.•_ cc t : cna _ l -,- £u: ,- . . 

w--r. ar. a::d:c fur.c.icnal rrouc, ? r::e::« a::^:""-'" 
functional group or aryl; 

each A is maeper.der.-.ly selectee frcr 
consisting of amino acid side cr.ams and cc r r 8ss Z " -V 
protected derivatives; aryl; cycioalkvl; and alh""""" 
optionally substituted wit- amine, acylammc, ammc- 
substituted acylammc, aryl, cycloalkyl, carboxy, al ,. y . 
araikyloxy, al koxycarbonyi , arai Koxycarbonyi , 
aminocarbonyl, alkylaminocarbonyi , dialkylaminocarbo-y " 
(alkyl) (aralkyl) aminocarbonyl, aral kylaminocarbonyl , 
diaralkylaminocarbonyl, hyoroxyl, 
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carboxyalkyiaminocarbonyl, hydroxylaminocarbonyl , 
mercapto, thioalkoxy or heterocycle; 

or R : and any A are taken together with the 
atoms to which they are attached form a 3- to 6-member 
ring heterocycle; 

each R 2 is independently selected from the e: 
consisting cf hydrogen and alkyi; 

n is an integer from 0 to 8; and 
X is selected from the croup consisting cf 
aikoxy; aryloxy; aralkyioxy; hydroxy: ; amino; aikylami. 
optionally substituted with hydroxy, amir.ocarbenyl , N- 
alkyiammoeareonyi, carbcxy :: a. Koxyearocnyl ; 
dial kyi amine ; eye leal kyi amine ; di eye 1 ca 1 >:yi ami nc ; 
cyeloalkyla :-:yi amine; (alkyi ) (aryli amine; arai kvl amine 
optionally substituted with carboxy; diara 1 kyl amine ; 
arylamino; r.e terocycle ; and tmone- er bis-carbcxvl ; - 
acid- -substituted alky la mine; he t e r c c v e 1 v 1 a~ " r ~ • 
neterreycly.-substi tuted a i .-:y 1 amine . 
a r. z w r. e r e i r. t r. e e e m c z ' ■ r ~* ~ ~ *~ ~ ~ 



y* - — r-^-v-— . ^ , - - 



phe n y la. an.. -L-proiyi : pipe ratine i.e., wr.er. 
Z=pnenylaeet: 1 , V =L, y- = -, y =f/ z, r = 1/ 5r .3»4- 
earboxymetr.y-piperazmyl : ana express! v net cr.er.vla-- 
L-ieucyi-L-aspartyi-L-phenyia lany 1 -l-pre line ami ee 
when -Z-pher.ylacetyl, Y =L, Y >=j, Y=F/p, r = 2, and »:::-: 



2. The ceil adhesion inhibitory compound 
according te claim 1, wherein: 

Z is selected from the group consisting cf 
alkyi; aliphatic acyi optionally substituted with N- 
alkyl- or N-arylamido; aroyi; he terocycioyl ; alkyi- an: 
arylsuifonyi ; aral kyicarbonyl optionally substituted 
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aryl; heterocycloal kylcarbcnyl ; alkoxycarbonyl; 

aralkyloxycarbonyl; cycloalkylcarbonyl optionally fused 

with aryl; heterocycloal koxycarbonyl ; alkylaminocarbony^ 

arylaminocarbonyl and aralkylaminocarbonyl optionally 

substituted with bis-UlkylsuifonyUamino, 

aikoxycarbonylamino or alker.yi; 

each R- is independently selected from the g-cu 

consisting of hydrogen, alkyl, and aralkyl; and 

X is selected from the group consisting o* 
alkoxy; aryloxy; aralkyioxy; hydroxy!; ammo; alkylammo 
optionally substituted with hydroxy, amznocarbonyl , N- 
alkylarranocarbonyi, carboxy cr alkoxycarbonyl; 
dialkylainino; cycloalkylamino; dicycloalkyiaminc; 
cycloaikylalky.laminc; (aikyi , , aryl , amino; aralkylam- no 
optionally substituted with carboxy; diaralkyiairuno; 
arylamino; heterocycie; and (mono- or bis-carboxylic 
acid) -substituted alkyiamine. 



3. The cell adhesion inhibitory compound 
according to claim 1, wherein A- ;s selected from th« 
group consisting of cycloalkvl; heterocyclic ring (when 
and R are taken together); and alkyl optionally 
substituted with amino, acyiasino. amino-substituted 
acylamino, aryl, carboxy, cycloalkyl, hydroxy, alkoxy, 
aralkyioxy, alkoxycarbonyl, aralkoxycarbonyl, 
aminocarbonyl, alkyiaminocarbonyl, dialkylaminocarbonyl , 
(alkyl) (aralkyl) aminocarbonyl, aral kylaminocarbonyl , 
diaralkylaminocarbonyl, aikoxycarbonylamino, mercapto, 
thioalkoxy or heterocycie. 
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4. The cell adhesion inhibitory compound 
according to claim 3, wherein A'- is selected from the 
group consisting of ammocarbonylechyl benzyl , i-butyl, 
isobutyl, carboxyethyl, cyciohexyi, 1-hydroxyethyl, " 
hydroxymethyl, mercaptomethyl , 1-methylpropyl, 
methyithioethyi, n-propyl, isopropyl, 

methoxycarbonylaminobutyl, 6-aminohexanoylammobutyi and 
(when A- and R- are taken together) azetidine, aziridine, 
pyrrolidine, and piperidine. 

5. The cell adhesion inhibitory cor.pound 
according to claim 4, wherein A- is selected from the 
group consisting cf benzyl, n-butyl, isobutyl, 

methylthioethyl, cyciohexyi, 1-methylpropyl, n-propyi a., 
i sopropyl . 



6. The cell adhesion inhibitory compound 
according to claim 4, wherein A- is (when A : and ?' a: 
taker, together pyrrolidine. 



The cell adhesion 



inhibitory compound 



according to claim 1, wherein A : is selected from the 
group consisting of alkyl optionally substituted with 
amino, aminocarbonyl , aryl, alkoxycarbonyl , 
aralkyloxycarbonyl, hydroxylaminocarbonyl , carboxy, nh- 
containmg heterocycle, hydroxy, or mercapto; araikyl 
optionally substituted with amino, aminocarbonyl, 
carboxy, NH-containing heterocycle, hydroxy, or mercaptc; 
and heterocyclic ring (when A 2 and R> are taken together, . 

8. The cell adhesion inhibitory compound 
according to claim 7 wherein A 2 is selected from the grou- 
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consisting of carboxymethyl , 2-carboxyethyl, 1- 
carboxyethyl, hydroxylaminocarbonyimethyi, hydroxyme^hy: 
mercaptomethyl, imidazolylmethyl, N-Bn-imidazolylmethyl 
Phenyl, carbomethoxymethyl , carbobenzyloxymethyl , and 
(when A 2 and R> are taken together) azetidine, aziridine, 
pyrrolidine and piperidine. 

9- The cell adhesion inhibitory compound 
according to claim 6 wherein A- is selected from the c^o- 
consisting of carboxymethyl, 2-carfcoxyethyi , i- 
carboxyethyi, hydroxyiammocarfecr.yia.ethy:, hvdroxvme-.vl 
mercaptomethyl and imidazolylmethyl . 

10. The cell adhesion inhibitory csroou-- 
according to claim 1, wherein A is independently "selerte 

frorr. the grouo consign- ~ c pt- — ~ _ 

corresponding protectee: den va r * ;-c 5 • c~' *■*' 

alkyl optionally substitutes w;::. a--" - v ~ - * ' • - "~ 

carboxy, h y d r ox y 1 ar.i noca rbc n v > , - ' •• - > 

n-.ercapto, N-conta ihmc hetercrvc.t, 

ca r cox ya 1 k yl ar.i no ca rbor. yl or amine -subs t i tuted acv"- - - ' 

11. The ceil adhesion mhifcitcrv coir.Doura 
according to claim wherein a is maepencenti v 

selected from the croup consisting cf ammo acid sice 
chains and corresponding protected derivatives; 
cyclohexyl; and alkyl optionally substituted with pr.er. . . . 
cyclohexyl, carboxy, hydroxylaminocarbonyi , methcxy, 
benzyloxy, mercaptc, N-benzyiimidazolyl , biotinyl, 
tetrazolyl, valinyl-N-carbonyl or 6-aminohexanoylaminc . 
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12. The cell adhesion inhibitory compound 
according to claim 1, wherein each Y 3 is independently 
selected from the group consisting of amino acids and 
corresponding protected derivatives. 

13. The ceil adhesion inhibitory compound 
according to claim 1, wherein: 

n is 2 ; 

Y : is leucinyl; 

Y- is aspartyl; and 

Y ; - is valinylprclir.yi . 

14. The cell adhesion inhibitory compound 
according to claim. 1, wherein X is selected fro- the 
group consisting of alkoxy; aryioxy; aralkyicxy; 
hydroxyl; amine; mono- and dial kylanur.c optionally 
suDstituted w — h hydroxy, amir.ocarconvl , K- 
sikylam.inccarcor.yl, carbcxy :: al krxycarccnyl ; 
dialkylammc; rye 1 za 1 ,: y 1 am i r.z ; ry r 1 - = ; . y.a 1 ky ir.i ; 
di eye loa Iky lar. mc; <alkyl< : aryl , amir.:; ; arslKylamir.c 
optionally substituted with carbcxy; aiaral kyi amine ; 
aryiaminc; N-eentamir.r heterceveie; t 1 s - earocx '■■ ■ * 
substituted a.kyiami.ne and (mono- or bis- 

ca r boxy ) me t hy 1 aminoca r bon y i - s ub s 1 1 1 u t e d - N- eo n t a i r. i r. - 
heterocycle . 

15. The cell adhesion inhibitory compound 
according to claim 14, wherein X is' selected from the 
group consisting of amino, methylamino, isopropylammc . 
isobutylaminc, n-butylamino, t-butylamino, isoamyl, 
isopentylamine, hexylamino, cyclohexylamino, 
cyclohexylmethylamino, methylphenylamino , 



WO 97/03094 



PCT/US96/11570 



- 110 - 



phenylmethylami.no, phenylamino, 4- 
methoxyphenylmethylamino, dimethylamino, 
diisopropylamino, diisobutylamino, hydroxy, methoxy, n- 
butoxy, t-butoxy, benzyloxy, 2- P i P eridinecarboxylic' acid 
N'-(a,Q'-bis-carboxyir.ethyl)-2-pi P eridinec a rbcx a mide, N ' - ' 
carboxymethyI-2-piperidinecarboxamide, 1-hydroxymethy' -2- 
methylpropylaminc, l-N'-methyiamido-l-methylethylamir.o, 
3,3-dimethylbutylamino, 1 - N ' ~mech ylamidobutylamj.no , 1-' 
amido-2-methylbutylamino, 1 -carbomethoxy-2- 
methylbutyiammo, l-N--methyIamico-2-methylbu-.ylar.inc, 
carboxv-l-pher.yimethyiammc, mcrpr.olmo, piperidir.yl , ' N- 
phenylpiperazmyl, pipecciinyl, ar.d piperacir.yi . 



i c . 



The cell adhesion inhibitory compound 
according co claim 1, whsrein 2 is selected from the 
group consisting of aliphatic acyl, aroyi, 
aralkyicarbonyl, heterocycioyi , alkoxycarbor.yl, 

arslkylrxycarbonyl and hetercryt- ial ,;yi caro: .... 



i£ ce.I adr.es::.' • . nr. ic • ~ - ■ . 

ccccrdir.r :: claim It, wherein Z _ s =■ i N-Ar ' - urea • -c- - ■- - 
substituted aral kylcarbcny 1 group. 

16- The cell adhesion inhibitory compound 
according to claim 11, wherein 2 is a (N-Ar 1 -urea . -pa ra - 
substituted phenylmethyicarbonyl group. 

19. The ceil adhesion inhibitory compound 
according to claim 2 selected from the group consisting 
of compound numbers 1, 2, 4, 144, 145, 146, 147, 149, 
206, 315, 316, 317, 337, 338, 345, 346, 347, 357, 356 a- 
359. 
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20. The cell adhesion inhibitory compound 
according to claim 19 selected from the group consistin 
of compound numbers 1, 206, 316, 358 and 359. 

21. The cell adhesion inhibitory compound 
according to claim 20 selected from the group consistin 
of compound numbers 3 58 and 3 59. 

22. A pharmaceutical composition comprising 
compound according to any one cf c.ai.r.s 1 to 21 in ar. 
amount effective for prevention, inhibition or 
suppression of cell adhesicn a no a pharmaceutical! v 
acceptable carrier. 

23. The pharmaceutical composition according 
tc claim 22, further comprising an agent selected frc.r 
the group consisting of cort iccster z ; cs , br cnchodi 1 5 z z r 
ant i as thma t ics , antimf la mm a ::r;e: , an 1 1 r heurr.a tics,, 
immunt suppressants , antimetactli-er. ; mm/un zrr z zj. . a t z r z , 

a n 1 1 psoriatics anc ant iniace: : cs . 

24. A method of preventing, inhibiting z z 
suppressing ceil adhesion in a mamma, comprising tne s; 
cf administering to said mammal tne pnarmaceut ical 
composition according to claim 22 cr 23. 

25. The method according to claim 24, where;- 
said method is used for preventing, inhibiting or 
suppressing inflammation . 
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26. The method according to claim 25, wherein 
said inflammation is cell-adhesion associated 
inflammation. 

27. The method according to claim 24, wherein 
said method is used for preventing, inhibiting or 
suppressing an immune or autoimmune response. 

28. The method according to claim 27, wherein 
said immune or autoimmune response is cell-adhesion 
associated immune or autoimmune response. 

29. The method according to claim 24, wherein 
said method is used to treat or prevent a disease 
selected from the group consisting of asthma, arthr- is 
psoriasis, transplantation rejection, multiple sclerosis, 
diabetes and inflammatory bowel disease. 



INTERNATIONAL SEARCH REPORT 



Interr nal Applicaaon No 

PCT/US 96/11570 



*nS L V S,FW jftJK?i 9 , iSy BJECT MATTER " 

,pc 6 2io8% CG7K5/06 C07K5/M ansna 



According to International Patent Classification (IPC) or to both naoonal claTOf.catton and IPC 
B. FIELDS SEARCHED 



Minimum aocum«uoon torched (classification synem followed by dawficaoon symbols) 

iKL b CO/K A61K 



Documenuoon uarehed other than minimum documenuoon to the e^nt that such documents art included in the fields searched 



El<ar0njC °* u bMe co ~ uiud aunn « * e mtenuconal search (name of dau base and where practical, search term* i«ed) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 



Citation of document with indication, where appropriate, of the relevant passages 



Relevant to claim No. 




WO, A, 95 15973 (CYTEL CORP) 15 June 1995 
see the whole document 

WO, A, 93 12809 (HUTCHINSON FRED CANCER RES) 
8 July 1993 

The whole document; see especially p. 11. 1 
1-23. p 57, 1 21-26; p. 59.1. 10-16; 
tables X-XIII 

EP.A.O 565 896 (CASSELLA FARBWERKE MAINKUR 
AG) 20 October 1993 
see the whole document 

DE.A.43 09 867 (CASSELLA AG) 29 September 
1994 

see the whole document 



-/- 



( X| hurVier documem* are hoed in the con unmoor, of box C. 



Patent family members arc listed in annex. 



Speaai categories oPaud documents : 

*A* document defining me general cute of the an wtuch is not 
considered to be of particular relevance 

earlier document but published on or after the international 
filing dale 

document wtuch may throw doubts on pnonty tiaimf s) or 
which n a ted to taabJuh the publication dau of another 
auoon or other special reason (as specified) 

document referring to an oral disclosure, use, exhibition or 
other means 

" p " document published pnor to .the intcmaoonal films date but 
later than the pnonty date claimed 



T* later document published after the international filing date 
or pnonty dale and not in conflict with the application out 
Quad to understand the pnnctpje or theory underlying the 
in vena on 

*X* document of particular relevance; the d aimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive sup when the document is taken alone 

*Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person stalled 
in the an. 

*&* document member of the same patent family 



Dau of the actual compicaon of the international search 

3 December 1996 



Dau of mailing of the intcmaoonal search repon 

1 7. 12. 96 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patendaan 2 
NL- 2210 HV Ripwijk 
Td. ( » 31.70) 340-2040, Tx. 31 651 epo id. 
Far ( ♦ 31-70) 340-3016 



Authorized officer 



Groenendijk, M 



Fwm JI0 (nom dm) <J«ty Iff?) 



oaae 1 of 2 



INTERNATIONAL SEARCH REPORT 


Invr ml Application No 

PCT/US 96/11570 










Relevant to claim No. 


A 

A 


W0,A # 93 08823 (TANABE SEIYAKU CO ;MCKENZIE 
THOMAS C (US)) 13 May 1993 
cited in the application 
see the whole document 

JOURNAL OF BIOLOGICAL CHEMISTRY, 
vol. 266, no. 23, 15 August 1991, MD US, 
pages 15075-15079, XP002019817 
A.KOMORIYA: "The minimal essential 
sequence for a major cell type-specific 
adhesion site (CS1) within an 
alternatively spliced type III connecting 
segment domain of fibronectin is LDV 
cited in the application 
see the whole document 

• 
• 

II (a»iMUM>M «rf - — - — - - - ii_k. 


1-29 
1-29 



page 2 of 2 



intemaoonat Application No. PCT/US 96/ 11570 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/210 

Remark : 

The scope of the claims 1*12 and 14-18 is very broad and speculative. Any IM- and C- 
terminal substituted peptide having 2-8 aminoacid residues, containing at least one 
acidic or aromatic amino acid residue in position 2 is encompassed. Moreover the 
depedent claims 7-9 define additional amino acid residues in position 2 which are not 
covered by claim 1. A formula consisting virtually of variables which are moreover in at 
least part of the claims ill-defined (e.g. the use of "aryl" and "heterocyclic'*) cannot be 
considered to be a clear and concise definition of patentable subject-matter (Arte 
PCT). 

Therefore a meaningful and economically feasible search could not encompass the 
complete subject-matter of the claims. Consequently the search has been directed to 
. the claims encompassing welWefined subject-matter (Art.l7(2)(a)(ii) PCT, Guidelines 
B-lll,3,7). 



Claims searched completely 
Claims searched Incompletely 
Claims not searched 



INTERNATIONAL SEARCH REPORT 



I national application No. 

PCT/US 96/ 11570 



Box I Observation* where certain daims were found unsearchable (Continuation of item I of first sheet 



This International Search Report has not been established in respect of certain claims under Article I7(2)(a) for the following reasons: 

1. Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

Remark: Although claim(s) 24-29 

Is(are) directed to a method of treatment of the human/animal 
body, the search has been carried out and based on the alleged 
effects of the compound/composition. 

2. j X [ Claims Nos.; 

b x V*?*'**J TtUu 10 par " ° f f * e '""""UonaJ Apphcauon that do not comply with me prescribed requirements to such 
an extent that no meaningful tniernauonai Search can be carneo out. specifically 

Please see Futher Information sheet enclosed. 



1 1 Claims Not.: 

because tney are dependent claims and are not drafted in accordance win the secona and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found muiupie invenuons.in this international apphcauon. as follow 



As aJl required ad&uonaj seven fees were umeiy paid by the appuca/iu lths International Search Recort cov* M all 
searcnaeie claims 



□ 

As all searchaole claims couid be searches wiinout effort }usufymg an additional lee. this Autnoruv a.d not invite pavmem 
of any additional fee ' 



□ 



As only some of the required additional search fees were timely paid by tne applicant, um InternauonaJ Search Report 
covers only those claims lor wmch fees w*re paid, specifically claims rsos.. 



1 1 No r^u^ed addiuonai search fees were omely paid by the applicant Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Pretext | | The addiuonai search fees were accompanied by the applicant s protest. 

| | No protest accompanied the payment of addiuonai search fees. 



Form PCT.1SA/210 (conunuauon of first sheet (|» (July 1992) 



INTERNATIONAL SEARCH REPORT 

.ifarmsnoD on pcient family monbcn 



lotsr tul Application No 

PCVUS 96/1157G 



Patent document 
cited in search report 



Publication 
due 



Patent family 
member(j) 



Publication 
date 



WO-A-9515973 



W0-A-93 12809 
EP-A-0565896 



DE-A-4309867 



15-06-95 



08-07-93 
20-10-93 



29-09-94 



AU-A- 
CA-A- 
EP-A- 



1215695 
2177840 
0737204 



27-06-95 

15- 06-95 

16- 10-96 



AU-A- 



3420693 



28-07-93 



W0-A-9308823 



13-05-93 



DE-A- 
AU-A- 
CA-A- 
CZ-A- 
JP-A- 
SK-A- 
US-A- 
ZA-A- 



4212304 
3683693 
2093770 
9300494 
7109256 
33493 
5399570 
9302535 



14-10-93 
14-10-93 
14-10-93 
16-02-94 
25-04-95 
02-02-94 
21-03-95 
04-11-93 



AU-A- 
CA-A- 
W0-A- 
EP-A- 
HU-A- 
JP-T- 
ZA-A- 



6375494 
2155843 
9422907 
0689549 
73409 
8508267 
9402124 



NONE 



24-10-94 
13-10-94 
13-10-94 
03-01-96 
29-07-96 
03-09-96 
10-11-94 



Fora PCT4SA/31t <ptwt Cwatfy 



ON 



0) 
Q 



-J 

_3 











O 








< 






a 


as 


ro 


as 






!jj 




ro 




o 


r-i 










CO • 








O 


a 










73 



